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PREFACE TO ROORKEE TREATISE

Tuk latest edition of the text book of Irrigation Works for the
Tlomusen College compiled Ly the late Colonel Medley R E, was 1ssued
m 1873 The advances since mada 1n the knowledge of irrigation detart
generally and 1n the science of equitable distribution in paticulu  have
for some counsiderable time called urgently for a worh on the subject
daaling with the principles on which a sound and satisfactory enterprise
cau be projected 1nd constructed with that certainty of result which 18 so
necessary for the prospenty of the agrievltural classes and the safuty of
the capital 1nvested

The greater part of the matter now publ sh.d consists of notes made
by the author when an Executive Engineer 1n the Irngation anlAgn
cultural Department United Provinces engaged on construction and

delling works fis mto well wrrigation, and on the pro
Jects for the Sardah Canal and the Cawnpore Extension of the Ganges
Canal
Extracts from other sources have been achnowledged 1n the text but
s far a3 posablo long descriptions of exsting works have beon omitted
and the matter confined to general leading principles
The author trusts this work may be found practically useful by the
younger membets of that Irngation Department to which for 20 years
ke was proud to belong as well as by the Students for whom 1t 13 more
Particularly intended, and he will be greatly obliged to any readers who
may pomnt out any errors that may have been ovetlooked or for sugges

t100s as to any additions that would tend to extend the usefulness of the
worh

RooRrkEE

Jc
5th July 1901






Proface to the Revised Edition of the Roorkee Treatise on
Irrigation Works

Colonel Cltbborn's Treatise on Irrigation works has, by many, been
considered too discursive  On being asked to revisett I was at the same
time requested to remove this defect,

The treatise, as 1t stands 13 a most excellent refercnce book for Canal
or Agricultural Engioeers working in Northern India  There 13 very
lattle 1n 1t that may be considercd as out of date, and n great deal of the
mformation 1s at first hand and of an exceedingly useful description for the
Canal Engineer

Tor students, not 1ntending to yoin the Irrigation department of the
Public Works departmont 1t 15 undoubtedly far mored ve than 1t
need be However the Professor of Civil Engincering lecturiog on Irriga-
tion works, need not be so discursive, but he will certamnly find the text
book a very great belp

For those students who oa passing out of college, join the Irragation
department, 1t will be a distinet advantage to have in their College
text book, an efficient book of reference

Considering their ueeds as wellas the geeds of those who will jomn
other departments I have spht the Treatise 1nto two volumes—Vol I
to bo considered as tho ordinary course aud Vol II as appendicos for
the use of those who 1utend joimag the Canal Department

The chapters on spectal survey aud field work, on protection, on
Reh, and on ad all g very useful informatien,
have been added to the appendicos  Appendices A, C, and F, have been
omitted altogethor, as not of genoral uso to-day even to the Canal Engineer,
I am not 1n agreement with all Colonst Clibborn's romarks on the design
of channels and falls,

A note on channels and & short chapter on the design of falls and
weirs have been added by me, his opinions being left, as there are stall
many engineers who hold bis views.

For practically all the rest of is Treatse, my opinions, after 35 years'
service on canals 1n the United Provinces, are 1n cntire agrecment with
his 6o that I have not found 1t necessary to make many alterabions, to
bring the Treatise more up to date

G T ANTHONY,
Retared Ohsef Enguneer, Irrgation Works United Provinces
and Late Professor of Oyl Engineering
Thumason Cynl Enginesring College, Roorkee
Dated the ath May, 1920
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ROORKEE TREATISE

SECTION X,~IRRIGATION WORKS,

CHAPTER I.
INTRODUCTION

1 Defimtion —Irnigation 1s the operation of cansing water o flow
upon and spread over land with the view of nourishing and 1ncreasing
the growtn of plants It may be erther natural or artificial  Natural
srrigation occurs when ramn falls or whena river floods over the lands
10 3ts vieimty  Both these natural systems of irngition are occasionally
controlled by artificial works, such as the raising of the edges of fields to
retain the rainfall, and the making of embaukments to regulate river
floods Artifictal 1rmigation comprises five smportant classes of works—
Wells, Canals nnd Tanks used directly for purposes of irrigation;
Drunage work, used to prevent the evils of waterlogging and River
1mprovement work, which 13 necessary to bring rivers into a proper con
dition for the execution and maintenance of works

2 Importance of Irngation Works —It 1s hardly necessary at the
present day to discuss the importance of Irngation works to countries
with a smwall or fluctuating ramnfall  The ymmense benefits of the canals
already constructed in Indis, Egypt, and other countries, are patent toall
careful observers 1t 15 well known that these norks have been successful
not only tn an agricultural but an a financial sense, and that they have
mvolved the construction of some of the largest works 1n the world It
15 evident that therr study by the Engineer 1s a necesaity 1f his education
15 10 be dered lete and thorough and 1t must also be borne m
tomd that 1 studying t,he detatls of kngahou works the Engineer will
not farl to learn 1n a practical manoer most of the applications of
Hydraulie scrence

Comparing the relative importance of Ratlways and Canals, 1t was
recently stated by an eminent member of the Enghsh Government when
Teferring to the Indian Famine of 1900, that the extension of Railways
was not 1n unmixed benefit to the country aa they levelled off rates, caus
g 4t all events a modified distress over very large areas Irrigation
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for by proporlyadusted rates, leads to careful cultivation necessitating
the employment of labourers 1f on the other band water 15 allowed to
flow over the country in o wastoful manner, and 1f the rates are not
calculated to deter cultivators from careless farming, the number of
persons employed on the land will.1n time be reduced to the tenants and
their fanulies.

Ejfects on chvmate and health =Y arge Irrigation works such a9 mmn
canals and tanks, are feeders of the subsaml water-supply, and thus
have a distinct influence on the climate dramagoe and health of the
country This influence 33 good 10 80 far as it adds to the underground
reservorr, providing a store to be used by drawing from wells most
cconomically, becausa the exponse attendant on Lifting water a consider
able height causes cultivators to take great carein the distnbution, The
effuct of a hagh saturation level 19, howaver, bad when drainage 13 neg
lected, s 1t causes water logging and 1jury to health and land Irnga
t10n oo 8 Jarge senle must effect the chmate making 1t colder and damper,
particularly at mght, and when the ithabitants are poor and unable to
clothe themselves properly, nodoubt their health suffers  Fortunately
the general ympr 1 ar which follows the introduction
of irrigation should enable the peoplo to protect themselves m this
respect

Plantations ~The banhs of large canals are generlly planted with
trees—this 13 a great advantage to the tracts through which they pass
on account of the shade, timber, fuel, and fruit provided, Trees and
shade are a real necessity 1n very hot chmates, and as constant extensions
of irngation tend to break village plantations up into tillage, the man.
tenance of permanent and well cated for plantations on the Trrigation
worka themselves becomes desirable  Moreover, these plantations, if well
managed become large sources of revenue, and being alongside water
carriage are 10 the best position for transport

Nawigation ~Another important function of a large cansl 5s the
facility 1t offers for navigation This function 1s often neglected probably
becanse the Engineer 13 more attracted by the manifest advantages of
the result of the attention he pays to extensions and improvements of
uwngation It would be better, however to take a broader view of the
situation and endeavour to develop all possible sources of advantage to
the peoplo and the State, aod tho utihzation of the fine waterways
formed by great canals shonld not be so neglected as 1t has been 1n many
cases 10 India at all events Canals are now designed with lower velo
cities, traffie up stream, should not be so difficult as on the older canals
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Buathing, ete.—~The domestic advantages of Irrigation works shoﬁld
not be overlooked. The facilitics given for bathing and watering cattle
must be greatly appreciated by the inhabitants of the towns and villages
situated near the banks,

Water-power.— Water-power is frequently made available for use by
the construction. of capals and tanks. In India up to the present time
this source of revenue and great advantage to the country has been to
a large extent neglected, owing mainly to the fact that the sites of the
power are frequently far removed from manufacturing centres. Electrical
transmission of power offers such a simple solution of this difficulty,
that we may look forward to seeing a great advance in a few years’ time,
and probably many great cities may soon owe their lighting, ventilation,
and commercial prosperity to the same beneficent work that supplies
them with food. At Bahadrabad, Mile 7 Ganges canal, a hydro-electric
installation giving 600 B. H. P. has been put up, to work the pumping
and other plant at Bhimgoda where the permanent headworks are building.
The distance from the power station is 12 miles.

4. Irrigation in cold climates.—In European and other countries
with a temperate climate, irrigation is occasionally practised, mainly for
meadow watering. The subject is outside the scope of the present work,

6. Irrigation system in Egypt and Italy.—It is well known that
the Egyptian 1rrigation system is founded on Indian practice. In a simi-
lar manner the Indian system was started by officers who had visited
and studied Jtalian irrigation; and indeed Italy may well be considered
the parent country in the science of the distribution of water. Both the
Italian and Egyptian Irrigation works are thoroughly well described in
existing publications, and it is not necessary to treat of them in this
Manual,



CHAPIDR II

W ELL IRRIGATION~~SOURCLS OF SUPPLY OI' WATER
TOR WELLS

1 Defimtion —Wells are merely holes of saxying dimensions sunk
from the ground surfice imnto the water bearing strata hing below
Well> may be merely sunple holes in the natui il sail entirely unprotected
or partally protected or entirely protected with n impermeable limng
except at the aperture for water entrance  The different forms of wells
will be more particularly described in another paragraph

2 The Bource —The source of the watersupply of wells 13 the
ramfall which absorbed by the so1l permeates to underground reservoirs
where 1t 15 retained more or less perfectly by natural causes In some
nstances the ramn water as 1t falls passes direetly to the subsoil reservorr
but generally speahing 1t may be assumed that the marn supply 1s
derived from percolation through the beds of depressions filled with
rain water permanently or temporanly

3 The Reservowrs —It will be understood that these underground
reservoirs are not hollows filled with water pure and simple but conast
of gravel sand or any soil of an nbsorptive nature saturated with water
which cannot pass awav below on account of some retenttve substratum
and which can only pass slowly away at the sides on account of the
natural frictional and other r which the ton of the so1l
offers to the free flow of water through it

4  Artesian basins —These conditions are of course general snd
are {requently varied 1n particolar cases such as those conformations of
strata which form an Artesian basin  In these cases practically the only
exit 15 vertically through a natural or artificial opening

6 Rock hollows -~In some situations actual hollows filled with water
are found these usually occur 1n rock patches 1solated 1n large arcas of
sandy soil  Remarkable examples of this class of underground reservorrs
are met with m ths Western Australian desert  These hollows as far as
yet discovered are too small to be used for irrigation but are most
advantageous for drinking purposes

A consideration of the relative contours of the ground and subsoil
water surfaces 1n any particular locality, will elucidate the questions
regarding underground reservolrs n sandy or percolative soils, and 1t
mustbe borne in muind that a good understanding of these questions 13
necessary because the great reservours for well supply of hot countries
lie 1 these soils
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6. BSubsoil water levels,—Plate T shows five cross sections of
the country between the Ganges and the Jumna rivers in the Fatehpur
District of the North-Western Provinces, India. These sections lie north
and south of the town of Fatehpur, are about 5 miles apart, and as
nearly as possible at right angles to the general direction of the rivers.
These sections were taken in 1883, long before the introduction of Canal
irrigation to this tract, and the levels of the subsoil water surface shown
are therefore entirely due 10 natural causes. It may be.mentioned here
that these scctions do not show any singular or abuormal conditions—they
indeed may fairly be taken as representative types of the probable levels
of subsoil water in flat tracts of country with moderately absorptive soils
and situated at a distance from the hills,

These sections are very suitable as specially marked illustrations of
the usual condition of the subsoil water contour, being taken over a
narrow elevated plateau with rapid slopes to the bounding rivers, and
considerable variation in the bature of the ground surface: the results
of the supply and withdrawal of water are therefore more clearly marked
in these examples than would be the case with a broad flat doab* of a
more uniform character.

7. 8ubsoil level observations.—These subsoil water contours show
the levels of the water surface both during the hot months of the year
when it is lowest, and towards the end of the rains when at its highest
level. The observers ran a line of spirit levels at right angles to the
bounding rivers, and cobnecting with thie wells passed at reasonable dis-
tances on either hand, actually measured to the lowest level met with
during the months of May and June, at the same time recording the
highest level the water reached after the rains on the results of careful
enquiries from local authorities, These observations were made. by
trained men, at intervals of at least one mile apart,} and as far as possible
from wells used for drinking purposes only, for as, will be seen later on,
observations from irrigating wells would be liable to lead to erroneous
conclusions.

8. Characteristics of water contours,—A careful examination of
these soctions will show that the subsoil water surface is irregular, is often
far above the highest flood level of the bounding rivers, has a fairly
constant shape or contour during the year, and that it is raised by the

rainfall,

# Vernacular for the land lying between two bounding rivers,
} It was impossible always to find wells on the high slopes to the main rivers, so the

contours shewn are in places approximate.
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9 Constancy of outline —~Tthus 1rregularity and constancy of outline
13 duo to the sources of supply of rain water to the subsoil bemng special
and confined to particular areas and to the resistance which the sandy
subsarl offers to the free travel of water through 1t

10 Ramfall damp —At various times practical experiments have
beea made to determine the depths to which heavy ramfall or arrigation
moistens the soil  The recults have almost 1nvariably shown that the
ordinary depth of dump 13 only 8 few inches or feet this proves thata
Jarge quantity of water and n considerable period 1s required for percola
taon to reach to great depths The experiments were naturally made 1n
fields or tracts under water for a short time only, and 1t 13 clear that
pereolation to the subsoil must take place through the beds of swamps
and tanks except perhips i the case of very sandy ground where the
whole of the rain 13 absorbed as fast as 1t falls and bung thus to a
great extent preserved from evaporation passes slowly to the subsorl
reservolr,

11  Local sources of supply to the subsoll ~Ifa tract of country 1s
examined by careful water contouring 1t wall be found that tle elevations
1n the subsorl water surface correspond with the position of large flooded
sarface areas, and other likely local sourees of supply, this pecultanty,
viewed 1n conjunction with the fact that these high level subsoil water
contours are so frequently far above the fiood lovel of the bounding great
nvers proves that pereolation from ramfall 1s the maw svurce of supply
to the subsoil reservoirs

12 Percolation from canals —The minor perenmal streams travers
g the doab at a high level and canals or other large water courses are
also sources of supply the method by which water passes to the subsoil
from such sources 1s shown by Fig 1 Plate II

13  Cone of percolation —The cone of percolation 13 not fully formed
for several years after the opening of a canal and probably never con
nected at all with the normal level 1n the ease of sinall channels or those
which are periodically open and closed The slopes of the sides of the
cone are parabolic and vary with the character of the soil between the
ground surface and the normal level, being flat 1n coarse sand and fine
gravel and abrupt in clay  In the ordinary sols of the great Gangetic
valley the average slope 1s sbout 11n 250 or say 20 feet per mile but
the slope will at once be reduced 1if the free exit of water at the base of
the cone 1s stopped by say n bed of clay or an elevation in the normal

fevel andin time the surface will become level
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It is evident in tho case of a pew canad thay the Joss by pereolation
will be great until the cone js filled up, and nfter this hno happened the
loes will be only the quuntity passing off to the subsoil reservoirs by the
exits nt the mides of the cone,

14, Limits of side slope, —This limit to loss of water stored in the
subsoil i1 due o friction, and is 1 very naefnl provision of nature. If the
pussnyre of water throngh sandy subsoils was free and unobstructed mos.t
of the Indinn doabys would be deserts, wells would be financially impossi
ble and the cultivation of crops both diffienlt and hazardous.

16, River springs.—There is of course a steady, thongh very slo%
drainnge down the high slopes into the rivers rendering them perenninl in
ordinary soils; when the soil is very loose nnd open the coninined water
drains off rapidly, the country becomes u dasert, and the rivers have dry
beds uuntil rain again falls,

16. DMovement of subsoil water. —The same steady drainage down
slopes occurs in the iuterior of the plateaux ns well as on the edges. tend-
ing to flatten out the contours and fill up hollows, and as this action is
unceasing, it will be seen that practically speaking the surface of the sub-
soil water is alinost constantly in slow movement.

17. Percolation from the hills.—It has been suggested ‘that the
vast subsoil reservoirs in the plains of India are supplied by Artesian
pressure from water stored in the hills. A little reflection will, however,
show that this is impossible, owing to the great distance from the hills;
the want of a continuous clay bed over the water-bearing stratum, and
the comparative flatness of the plains, which in itself would prevent any
appreciable flow of water, owing to the great {rictional resistances offered
by the soil. It is also doubtful whether there is any very reliable evidence
that the hills themse]ves are great storage roservoirs, There are springs,
streams and rivers in the hills it is true, but not in great excess. Many
large tracts in the hills appear quite dry shortly after the rains and
the great floods of the monsoon show that & far larger proportion of
the annual rainfall flows off the hill slopes down the rivers directly into
the sea than is absorbed and given out by springs in the cold and " hot
weather, It will be found that the whole votume of spring water dis-
charged in six months by a great river like the Ganges would hardly
suffice to cover 1,000 square miles of country to the depth of the annual
rainfall.

18, Tarai springs.—It must not be concluded from the above that
percolation from the hills has no effect on the plains, on the contrary, the
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effect i3 very marked, but extends only to tracts lying comparatively near
ot hand,

19. Soils near the hills.——The diagram (Fig. 2, Plate II) shows the
usual disposition of soils near the hills, viz,, first, open soil of boulders,
gravel and sand (Vern, Bhabar), then heavy clay (Vern. Tarai), then
light clay { Vern, Mar), then the ordinary sandy loam of the plaing, Por.
colation from the high hills checked by the Tarai clay rises in springs in
that tract; these springs generally form swamps, from which streams
issue, bocoming rivers lower down in the plains, whera they are very
useful for local irrigation. Even the smallor hill streams and thesprings
which issue from the foot of hills disappear entirely in the open gravelly
soil of the Bhabar to reappear again in the Tarai. The surface of the
subsoil water in the Bhabar, far below the ground level and beyond the
reach of wells is probably nearly horizontal, and the Bhabar soil thus
probably forms the real hill reservoir,

20, Limits of percolation from the hills.—There is but little in-
formation available as to the extent and dip of the Tarai clay bed under
tho plains, but it is probably that it overlies the Bhabar gravel for a
considerable distance until it nesrs or meots the hill bed rock., If this
is so, a little consideration will show that this clay bed must practically
limit direct percolation from the hills, and also that good Artesian
supplies should be available by piercing it. (See Fig. 3, Plate II.)

21, Supply to subsoil from tanks. —Artificial tanks often form
very valuable means of conserving the rainfall and conveying it to the
subsoil by percolation to be afterwards used for irrigation from wells, A
tank may in this manner, combined with the subsoil, form a very large
reserveir, and as irrigation is always conducted more economically from
wells than by direct flow, it is evident well irrigation is the best methed of
using tank water in countries with a short rainfall,

22, Sapply Trom irrigated land.—In pavagraph 16 of this Chapler,
it was stated that the percolation on irrigated land, as a general rule,
only moistened the soil for a few inches or feet at most This is quite
true for ordinary classes of irrigation, but does not always apply where
water is kept continuously on the land, as in some cases it s for rice, or
where the natural subsoil surface water level is very near to the ground
surface.

There is no information in India to the quantity of water returned
to the rivers from irrigation in this manner, but in America, where the
local conditions often allow of irrigation water being used over sud over
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again, the mattor is one of considerable interest, and obscrvations made
in 1894-95 of water roturncd to the Platte river from the Poudre valley
irrigation channels, showed that the return wns one cusee from 700 to
1,000 acres irrigated. It should be mentioned that the waterings in
Americn seow profuse compared with those usnally given in India, and
the soil was probably more open and porous.

23. Rate of travel of underground water,—It is most difficult fo
estimate the speed of the movement of underground water ; this manifestly
must depond on the sido slopes and the soil, both variable quantities,
Experiments and observations made both in India and Awmerica seem to
show that a rough average of one mile per annum may be accepted for
ordinary localities. Additional and more accurate information on this
question would ba valuable and help to solve many sanitary questions,

Thero are, however, many conditions interfering with observations
which may invalidate the results; thus, if the experiments are made
on soil previously dry, the rate of advance may sensibly differ from what
it would be in soils previously wet. If again observations are made say
from a canal to a low-lying river at some distance, the increased flow
of springs at Lhe river may be due cither to the transmitted pressure,
as occurs in a long pipe filled with swater, to which an addition is made
at the upper ond, or it may be due to the water which actually left the
canal —it is certainly difficult to actually identify the water leaving the
canal,

24, Quentity of water available,—The actual quaniity of water an
underground sandy reservoir will hold must depend on the character of
the goil; it may be assumed at one-third of the bulk of the sand but
all this will not be available for immediate supply to the well as a
corlain quantity must remain entangled in the soil, and it is probable
that not more thau oue-fourth drains in at once when the well is drawn
upon,

Tue Mota.

95. Definition.—Mota, Matbarwa and Negasan are local vernacular
terms applied throughout the Gangetic doab to beds of clay, indurated
gand, kankar or other hard material which are often found lying a few feet
more or less below the surface of the water in the subsoil. When clay
beds occur, as they ofton do above the water surface, they are not termed
Mota. These beds are obviously due to local action occurring at the
period of the deposition of the soils of the doab—action similar to that
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which even now may be observed producing elay beds 1 the backwaters
of Deltaic rivers

Similar beds are cortain to be found in all large plans lying below
dunuded uplands, psrticularly when the denudation has been caused by
fluvio marine action

26 Occurrence of Mota —Throughout the United Provinces m
India, where well irrigation 1s oxtensively practiced, mota beds are
found, but they are not 1n one continuous layer, nor are they umsersal,
they are of varying thichness, at ditferent depths below water, and moy
be from & few feet to many square miles 10 area

These beds are thus as 1t wero 1solated 1slands of hard material lying
10 vast depostt of sandy porous soil loaded with water, and a3 will be
seen Iater on, their occurrencs renders the withdrawal of irngation water
s much sumpler problem than 1t would be otherwise

The oxistence and use of these beds are we'l Luown to the mhabitants,
and has often 1nfluenced them infixing the sites of their towns and villages
where the provision of an ample supply of water 1s essential,

These beds occur less frequently and are less contintous on the rapid
slopes near the hlls than 10 the lower plains where the ground surface has
only a general fall of 2 foot or so per mile

27 Use of the Mota —The Mota, unless continuous over a large area
situated 50 09 to form a local basmx commanded by bigh lymng warer
bearing starta does not actse as to give an Artesian supply to the well
sunk mto 1t Tho condition of motq beds 1wdicated above may, and pos
sibly does, occastonally oecur, but 1o the ordinary course an 1solated patch
of mota acts merely 23 a beam to suppory & well resting on its surface,
and fed with water by a hole bored though 1t to the sand below, Aota
beds are useful both for unliaed partly lined ar d wasonry wells but therr
great advantage lies 1nthe fact that they give perfect stability to a heavy
masonry well which could not rematn unmoved while 1o steady use with
out some such solid <upport

28, Entry of water to & well.—To thoroughly understand this mat
ter, 1t 1s neceseary to conmider how water Jeaves the interstices of the sand
n which 1t 19 entangled and enters a well,

The dwgram (Fig 4, Plate II)showsa masonry well resting on
o stratum of mota clay, indeed partly sunk mnto 1t to prevens any chance
of water finding 1ts way 1nto the well under the edge of the curb, 1f this
occurred, sand would be drawn 1nto the well with the water, and by alow
degrees a cavity would form outeide the masonry ring which wouldin
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timo endangoer the stability of the work, Tt will be seen that a holeabout
G to 9 inches in dinmeter is bored through the mota to connect the well
with the sand aud water below. Now when by drawing it up water is
resmoved from the well the surfnee is lowered, and water and sond together
avo drawn up into the well through the holein the mofa, The sand
comey up with the water onnccount of the volocity through the small
orifice, nnd beeanre the surface of the sand below the mote is not of suffi-
cientaren to give up the quantity of water removed fromthe well without
carrying rome sand particles with it,  This removal of sand und water
tognther goes on steadily until the srea of the surface of the hollow, which
is gradunlly formed below the anota, is lurge enough without disturbing
sund to give up water at the rate it is drawn from the well.

T practice this sand is yemoved from the well from time Lo time us it
collerty in it, finally pothing but pure water enters the well, but if at any
time the rate of 1ewoval of water is ineseaced, sand will ngnin be drawn
up until the balance is restored.

29, Wells on pure sand.—The urcfulness of the mola is now appa-
rent; without it the well would 1est on pure sand, and no hollow could
be found, moreover the quantity of water which could be drawn with safety
from the well wonld thus be limited to that which could be delivered
from un arca of rand equal in extent vo thearen of the base of the well,
If this were exceeded sand would be drawn in with the water and the
well ring would slowly subside. '

These 1cmarks apply to wells used for irrigation frem which large
quuntities of water are drawn. Small supplies for domestic purposes are
often tnken from wells resting on pure sand without injury or disturbance,
but it will be evident at once that the chances of obtaining a pure supply
for drinking purposes are much increased by using mota wells,

It would be possible to do without a moia for an irrigation well

if the area of the Dbase of the well was made large emough to expose
a sufficient surface of sand, but the expense of this would of course be very
great.
80, Unlined Wells on Mota.—The moia, as will be seen, really acts
as o beam to support a masonry well over the inevitable hollow below.
Unlined wells where there is & mota sre usually sunk through it for the
whole diameter_of the well, and the water is drawn up directly from the
hollow below,

The mofa is not so useful for dry brick or stone wells, because the
water above the mota filtering through the sides of the well prevents the
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head acting properly on the water under the mota In thiy case the hole
bored through 13 also liable to be choked up with sand drawn mn from the
sides.

31 Artificial Mota — It 13 sometimes necessary to provide am
ingating supply from wella 1o tracts where no mota 13 avalable, In
this case the usual practice 18 to stk large numbers of unlined wells
which last one or two seasons only, and then fallin  'The question of
making artificial platforms with concrete toimitate the natural snola
has often been dered, but 1t 13 ly difficult to estimate the
dimenstons of the hollow that will form in each particular case, and the
cost of construction would certainly be very great, The best method
of expenimentally determiming the size of the hollow would be to test
witha small artificial mota, and a fixed draught of water in a temporary
well, and then calculate on the results of the experiment for larger
draughts

The experiments carried out at the College, Roorkee, 10 1895, on the
passage of water through sind showed that approximately one third of
a cubic foot of water was passed through one square foot of sind in 24
hours for each foot of head of watur on the sand the length experimented
on was 100 feet. The discharge increased derably when the distance
from the head was decreased, 1t varied nversely as the distance Heavy
discharges, particularly when the head was close, disturbed the surface of
the sand greatly

The sands experimented on were those common to the riversinthe
Gogra Indus doab of Northern Indm, the actual quantity of discharge
through any particular sand was of course influenced by its quahity

These figures do not allow of accurate calculations being made for the
s1ze of the hollow under the mota, but they do prove that 1t must be of
consderable aren  Roughly they show that awell giving 300 cubac feet
per hour with a 9 foot head, would require a hollow of 2,400 square feet
area Other methods of ot g largo supplies of water from sandy
strata will be treated of 1n the section dealing wath construction of wells,

32 Dramnage cones —The rate al which water can be drawn from
any given well must be determined exporimentally 1f strict accuracy 1s
reqmred  As far a8 mofa wells are concerned, 1t will bo seen from the
preceding observations that the dinmeter of the well does not nfluence
the result The rate depends on tbe pharacter of the water bearing
stratum and the depth to which the well 1s sunk below the subsotl water
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surface. The latter itera again depends on the position of the mota, and
its thickness, for if the mola is very thick tho well may safely be sunk
into it, carc being taken to leave a sufficient depth of mota below to
support the weight of the well. Again, if a large quantity of water is
required, and the mola first met with is near the subsoil water surface,
borings can he made to find if a second 1mota more favourably situated lies
below, in which case the well can be sunk with advantage to that depth,

An inspection of the disgram (Fig. 5, Plate II) will show that the
maximum volume which ean be drained if the water surface in the well is
lowered from W to X is the cono AB, BC.

The side of the cone AB, etc., will slopo at the normal declivity of the
muterial of the water-bearing stratum (see para, 14), After this cone
is drained the only water which can eater the well will be that slowly
finding its way along tho sides of the conc from the high levels outside,
in the same manner that rivers are fed by percolation from high tuble-
lands,

In practice irrigation from wells is nover carried on so as to drain the
supply of o well to this extent, and the volume extracted each day is
usually replaced in the cone during the night when the well is idle.

A calculation of the distance to which a well actually affects the
subsoil water surface in particular localities, will be useful for fixing the
distance apart at which wells should be placed so as not to affect each
other.

It will be seen that the total volume of water commanded by a deep
well is very large, but the volume of the water-bearing strata actually
drained by an ordinary day's work at irrigation is comparatively small.

Since 200 to 300* cubic feot per hour is above the average supply of
irrigating wells in the North-Western Provinces, and the Punjab, and the
ordinary working day is 8 to 10 hours, the cubic content of strata drained
will ordinarily not exceed 10 to 12,000 cubic feet,

CoXsTRUCTION OF WELLS.
83. Classes of Wells.—The three main classes of wells for irrigation

are—
I. Wells with a masonry lining resting on clay and fed through
the clay or mota.
II. Wells with a dry brick or stone lining fed through the lining
by percolation.
III. Wells unlined by any permanent hard artifical material.

# Much highor discharges are obtained of courso frem spocial wells.
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34, Olasy . —This class of well is the most suitable for irrigation,
Tt may be considered a pormanent source not being liable to deteriora.
tion or easily injured. Some details of construction have beon referred
toin previous paragraphs, but two important metheds of connecting the
upper masonry steioing with tho mota may be illustrated here. (Seco
Fig. 6, Plate 11,

Double Mota well,—Xig. 6 shows a method of counceting with o
lower mote. by a emall interior well. This can cosily be built up by
excavating out the clay of the mola nfter the upper cylinder has been
firmly embedded in it preventing the entry of water from outside. It
would bo both expensive and difficult to sink the large upper clyinder
itself through tho clay—the joint -between the two wolls is made with
concrete.

Tube well.—In Fig, 7 we have the case ofa mofa situated so low
that the expense of sinking tho cylinder becomes prohibitive. In this
case o pipe can bo used to connect the steining with this mota, the head
of the pipe being fixed with congrete,

Pipes of wood or iron may be used under water : suitable wood lnsts 2
fong time, but is more difficult to sink than iron. The internal diameter
of the pipe is important, Mr. W.J. Wilson who made eeveral experi.
ments with tube wells in the United Provinces shows the heads lost as
follows : —

Table showing the loss of head in pipes of different diameters,
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The quantity of wator estimated for in this table is much greater
than the usual discharges obtained from any but the largest irrigating
wells. 200 cubic feet per hour for a single lift well is a good average
discharge, and wells with four lifts and over are decidedly rare.

Sinking well cylinders.—Tho method usually adopted in India for
sinking masonry wells is simple and efficacious. A pit is excavated on the
sito of the proposed well as deop as possible without shoring.  On the bed
of the pit a wood or iron curb is placed, and the masonry cylinder is then
built up to 10 or 15 fect above the ground surface. When the masonry
bas set hard enough, the soil is excavated from within, and the cylinder
slowly follows the excavation into the ground. When water is reached the
process is continued with an exeavator or dredger; when the top of th_o
cylinder has been sunk to the surface of the ground masonry work is
resumed, and it is built up to the height required, Great care is taken to
keep the cylinder properly vertical while being sunk. In. pure sand very
little difficulty is met with in sinking in the manner described, but W.lth
clay or other hard material it becomes necessary to load the masonry ring
to force it down, .

35. Depth to which wells should be sunk.—It is said that in
order to ensute an ordinary mote well giving sufficient water in a year- of
drought, the cylinder should be sunk 25 feet below th? average percolation
level. This allows for a fall in the level of subsoﬂ. water of 11 feet
during a year of drought, and an additional reduction of 10 feet when
the well is being worked leaving still 4 feet in the well to £ill the butfke(;
or lift. It is possible that the fall of the water surf‘ace from wor?mg,
and also that eaused by drought, is over-estimated in this case, but it is
oyident that no exact information can be ascertained in tracts when other
wells are not available for reference until a sample well has been made

and worked for some time,
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36 Masonry percolation wells —As thers are many situations
without mota 10 which irngation from wells is desirable and yet unhned
wells will not stand attempts at various times have been made to intro
duce water from a sandy stratum 1nto 8 masonry well without causing
subsidence of the eylinder

None of theso attempts have been thoroughly successful but far
supplies havo been drawn from wells partilly filled up with ballast
broken small or fine gravel through which the water filters without
carrying up much sand

Probably tha best method of overcoming the difficulty would be to sink
the cylinder only far enough below percolation level to give the requisite
head and serve as a reservorr for the bucket or Iift to work an and to
drive a pipe 30 to 50 feet below the bottom of tho well cementing 1ts
head to the well bottom with a concrete plug

The hollow which would form at the lower cnd of the pipe would be
far removed from tho well and not likely to endanger 1t and this hollow
eould be partinlly filled up from time to time by passing fine gravel down
the pipe

Fiy 8 Plate 11 shows a possible method of obtaining a large supply
of water by pumpiog from a sandy substratum the dry pump well being
situated at a safe distance from a well built of dry brick or stone sunh to
a sufficient distance below the percolation level and filled with gravel m
which the suction pipe 1s embedded

As 1t 13 probable that after pumpiog for some time the gravel in this
well would sink into the sand below for some distance the well should be
left nocovered at first to allow of additional gravel being filled 1n from
above

37 OlassII —In wells of this class water passes 1nto the cylinder
or reservoir through the sides which are porons and tis style of con
struction 1s cheap and effective 1n gravel or coarse strata butitis
somewhat difficult to understand how 1t can answer 1n fino sand  However
Mr Bull cE has built some wells 1n which all the bricks from the
curb to within a few feet of the ground level are laxd dry and 1t 13 saxd
that hittle or no difficulty is experienced from sand coming in through the
jonts  Mr W J Wilson states that there can be no doubt that 1f the
stermng of a percolation well can be completely surrounded by a layer of
small material such as broken brick (see Fig 9 Plate II) the efficiency
of the well will be greatly mcreased
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The same authority recommends the following details of construction
for the lower 5 feet of the steining :—The bricks to be set in mortar,
above this dry to a height of 4} feet, then 1 foot in mortar, followed by
41 feet dry, and sp on, until the cylinder has reached a height of 26 fest,
above which to the top the bricks to be set in mortar, the eylinder to be
sunk 30 feet, and a plug of concrete 5 feet in thickness to be put into
it.

38. Class IIL.—Kucha wells may be used either with or without a
motw. In some situations unlined wells may give a good supply and last
for hundreds of years, viz., where there is a very thick bed of clay
extending from near the surface of the ground to below percolation level
and overlaying a bed of sand. The ordinary form of a kutcha well, where
there is no mota, is a broad pit in the ground sunk to just above percola-
tion level, below this it is much narrowed and lined with fascines or
plaited grass through which the water fromi the sand oozes into the pit
(see Fig. 10, Plate II). This class of well rarely lasts more than one
season, as it is affected by the rainfall and rige in percolation level.

Fig, 11, Plate 11, shows a kutcha well with the mota. If the perco-
lation level is below the mota top surface the well with care may last
a few years, but if only a few feet even above it, maintenanceis very
difficult.

Cultivators are often very ingenious in their attempt to preserve
kutcha wells, as they can be very cheaply built in situations suitable for
the irrigation of their erops.

Special advantage of temporary wells.—It will be easily understood
that as the situation of the crops requiring irrigation must change from
season to season according to agricultural necessities, the kufcha or tem-
porary well has a great advantage in economy of water over a permanent
well. The tomporary well can he placed in a position suitable for
irrigating the season’s crop without involving a long water-course, while
the position of a masonry well being fixed, the water-course in many sea-
sons must be greatly extended if the well is to irrigate the full area it
can command. Now the 1oss in carrying small supplies of water in earthen
water-courses is very great, and in some soils quite prohibits irrigation,
so that temporary and inferior in supply though they be, there are cases
in which kutcha wells-are financially superior to permanent ones.

39. Cost of construction.—The cost of a mesonry well mainly
depends on the distance from the ground surface to a useful mota, the
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character of the soil also influences the rate for sinking, The expenditure
may be subdivided under the following heads, viz.—

(i) Boring to determine the | (vii) Boring hole through mofa.

nature of the strata, (viii) Clearing sand and getting
(ii) Excavation of pit and into working order.
refilling, (ix) Futtings for lifts,
(iii) Curb. (%) Cost of lifting.
(iv) Masonry in cylinder, (xi) Tools and plant.
(v) Sinking. 4 (xil) Establishment.
(vi) Fixing into clay bed or
mota..

When a well is constructed by the owner or occupier of the land the
actual outlay on many of these items will be very small, and experience
has shown that the best method of oxtending irrigation from wells is for
the Government or landlord to make moncy advances at a low rate of
interest to oecupicers, allowing them to select the site and construct their
own wells. Assistance can with great advantage he given also by the
provisions of tools for boring, and trained expert advice to help those
inexperienced over special cases of difficulty,

The cost of wells, classes I1 and III, is very small compared with
that of masonry wells—indeod &utche wells (class III) are generally
constructed by the cultivators themsolves withont any actual money
outlay. ’

40, Methods of raising water from wells for Irrigation.—Steam.—
Steam power is not in general use in India for raisiog water trom wells
for irrigation because individual culsivators cannot bear the capital cost
of the installations, and the people aro not yot sufficiently advanced to
combine for such a purpose. The quantity of water which can be raised
from individual wellsis too small for econowical working with steam,
and the difficulties in the way of trained supervision and repairs over
a series of small machines seattered through country districts at a distance
from workshops would be very great.

Steam power is used on milways and in mills and factories in India
"for pumping from large wells in an economical manner, and may nodoub
be 80 used for irrigation to some extent in.the future, but it is probable
tho extra height to which water has to be puwped for industnal, com.
pared with agricultural purposes, tends to make the steam power work-
ing economical,
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Electrical working.—It has been noted that percolation from large
canals raises the subsoil water level to some disance from the main
channels, also that canals are sources of water-power. This water-power
might well be employed in electric pumping from wells for irrigation
along banks of mein ecanals, and this procedure is the more desirable,
because it has always been found injudicious to allow direet irrigation
from large channels, and thus cultivators, apparently in a much envied
position close to a large supply of water, often find themselves unable to
benefit therefrom,

41, Water lifts in use in India.—The following water lifts for
wells are in more or less general use in India :—
The Rati or pulley.
s  Denlkli, Paegota, Lat or lever.
» Mot, Churus, Pur or bag,
,, Persian wheel,
,» Chain pumps.

Tllustrations are given of the first four of these lifts which are of long
standing native design. The chain pump was introduced by European
agency, and though adopted to some extent has not yet come into general |
use, probably on account of the difficulties of getting repairs made when
the pump is out of order.

There are variations in detail in all these native lifts, but the general
idea appears to be very ancient, as similar designs are found in Egypt and
most Eastern countries,

The rati, the denkli and the chain pump are worked by hand ; the mot
and Persian wheel generally by bullock power, but the mot in some places
is worked by hand,

42. The Rati —The rati or charks consists of a rope passing over a
light pulley fixed in a framework over the well ; the rope bas an earthen
pot attached to each end, and the man working pulls these pots alter-
nately up and down. There is no loss due to dead weighs lifted, and this
class of lift is usually employed for garden cultivation where only small
plots of land require watering.

43, The Denkli.—The denklt consists of a lever, the short end of
which is loaded so as to a little more than counterbalance the weight of
the rope, and empty earthen or iron pot on the long end. One man is
employed lifting and emptying, and one person in the field, and they
change work occasionally.



‘
ol
.

<k
T

et

=
Ex

.
T -
8y
oY g
e

L
AN
kA

3
577 = =t

%3

€

WA

UFT IRRIGATION-THE RATY

e Seee aftn i tem
STV AR
IR ra ~
v
O™ aa ¥ 2
TR

it
T g S

Piota Slecl] Dept Thomaso s Collezy, Hoorkee.

LIFT IRRIGATION THE CHURUS




20 CHAPTER 1I.

Electrical workimg.—1It has been noted that percolation from large
canals raises the subsoil water level to some disance from the main
channels, also that canals are sources of water-power This water-power
might well be employed in electric pumping from wells for irrigation
along banks of mein canals, and this procedure is the more desirable,
because it has always been found injudicious to allow direct irrigation
from large channels, and thus cultivators, apparently in a much envied
position close to a large supply of water, often find themselves unable to
benefit therefrom,

41, Water lifts in use in India.—The following water lifts for
wells are in more or less general use in India :—
The Rati or pulley.
» Denlkli, Paegota, Lat or lever.
» Mot, Churus, Pur or bag.
,» Persian wheel,
» Chain pumps.

Tllustrations are given of the firat four of these lifts which are of long
standing native design. The chain pump was introduced by European
agency, and though adopted to some extent has not yet come into general
use, probably on account of the difficulties of getting repairs made when
the pump is out of order.

There are variations in detail in all these native lifts, but the general
idea appears to be very ancient, as similar designs are found in Egypt and
most Eastern countries,

The rati, the denkli and the chain pump are worked by hand ; the mot
and Persian wheel generally by bullock power, but the mot in some places
is worked by band,

42, The Rati —The rati or charki consists of a rope passing over a
light pulley fixed in a framework over the well ; the rope bas an earthen
pot attached to each end, and the man working pulls these pots alter-
nately up and down. There is no loss due to dead weight lifted, aud this
class of lift is usually employed for garden cultivation where only small
plots of land require watering.

43, The Denkli.—The denkii consists of a lever, the short end of
which is loaded so as to a little more than counterbalance the weight of
the rope, and empty earthen or iron pot on the long end. One man is
employed lifting and emptying, and one person in the field, and they
change work occasionally.
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two to four pairs of cattle can be worked at the same .time, each pair
waiting their turn. When the cattle are well trained only one driver is
necessary, as the bullocks walk up by themselves o the food near the well,
In both kili and lagor working the driver usually sits on the rope
going down,
Content of lifis.—Tne average capacities of the lifts in nuse in the
United Provinces are as follows :—

C. feet, C. feet.
Rati . «. 383 Mot—Lagor, men e 1°75
Denlils ... .. 33 »  Kili, cattle .. 500

sfot— Lagor, caltle ... 3°00  Persian wheel jar . 0012

45. Persian wheels.—The Persian wheel is in general use in Egypt,
the Punjab and elsewhere, It consists of an endless rope fitted at inter-
vals of I to 14 feet with earthenware, wood, or iron jars, and carried on
a vertical drum, The drum is revolved by a simple gear with bullocks,
and the jars dipping into the well water descend empty and ascend full.
When they reach the top of the drum the water is tipped over into a
shoot, thus giving a nearly continuous stream.

Persian wheels are worked single or double. With the single wheel
one man aud two bullocks are employed, and in a 40 feet deep well, with
a 4-foot bucket drum, in an hour 125 cubic feet might be lifted.

Improved forms of both the Persian wheel and the chain pumps of
European design are always available in the market, but as before noted
regarding the chain pump, they have not been brought into extensive
public use for irrigation up to the present.

46. Aermotors.—Mr, W, H. Moreland, 1.c.s., carried out some
interesting experiments on aermotors in 1897-98.* His conclusions are
the small wind engines of the capacity tested viz., 12-foot wheels, are
not suited for general use in well irrigation in the United Provinces,
The insufficiency and uncertainty of the wind during the irrigation
months make it impossible to rely on them except ag an auxiliary
source of power, and their use as auxiliaries is rendered objectionable by
the fact that whether at work or at rest they monopolise the whole well.
These engines appear suitable for small gardens where a storage tank is
available, and there is not sufficient work for a pair of bullocks.

The value of the aermotor with low lifts such as are common in canal
irrigation has not been tested,

® Sge Bulletin No. 11, Agricultural Series, Department of Liand Records snd Agreiculture,
North-Western Proviness and Oudh,
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It may bo wmentioned that Colonel Brownlow, ne, nrruvd at a
similar conclusion many years ago

47 Quantity of water rmised by different hifts —~The following
Table gives some figures regarding the worh done by different hts A
foot ton1s ono ton of water ratsed one foot tugh 1n an bour, useful work
as distinguished from gross work 1s the actual water raised, veglecting
the weight of the hit, rope friction, ete

Tutal dsehargs 1n cubio feet por working
day of nins houty

Per pur of bollocks Permin Fool tons per
Class of well ift. bead prr hour
useful work
Heght |Cobeleer] Haight }Cubio feet
hited water hifted watar
Rati - . . 1% G15 82 269
Deakls . . - . xi; 255: gl gg;
Chain . . 0
Aot ~ :;’Pmm v 93 291 23 736
» cattle, 38 3 U6Y . . 8 71
woER - 190 1314 . N 23 5%
TPersiun wheel . 200 1818 .- 87 1t

These results, which are the averngo of a large number of expen
ments, are very tnteresting 1n that they show that there 13 not
much real adiantage 1 one hift over another as far a9 the actual work
done 13 concerned, but the selection of the proper Lfy to use 13 really
governed by local conditions, thus, 1t would be absurd to use n mnglo
ruts or denkiy for the irrigation of o large area because the quantty of
water rased would be msuffictent to srrigate the crop quick enough A
large number of raly working topether 1nto one water course might be
economical, but the provision of n number of wells and Inbonrirs wonld
be both expensive and 1mpracticable with scattered small areas of cultiva
tn  In gardens, where wells are cheaply dug and water near the
surface yet soanty, tho rats, denkli and chain punp appear very suitable.
Agan where wellsare deep and expensive, yet water and eattle plentiful,
the mot will give the best results i practical itrigation, and under
sinular conditions, but with water neat the surface the Pursian wheel can
be used The resulte in the Table show that a bulleck only does twice

® Oalculated {rom results of exptiments mada for the papers en Construction of Wells
by Gaptaln Chibborn, published at Roorkee, 1883
4 Calcalated from expeniments rosde §n 1884 by Mr., W, ¥ Wilton
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the work of a man, but the Indian bullock as a rule is small, and in the
e.xperimeuts the men working all lifts but the chain pump, were cul-
tivators who naturally work steadier and harder than hired labour. More-
over as irrigating bullocks have to be made to last throughout the season,
and food at this period is somewhat short, the farmers do not as a rule

press them more than can be helped.

A chain pump of the usual size takes four men to work it in two shifts,
and as the labour was hired for the trials, the work done shows that this
class of lift ought to come into favour with farmers where cattle are
scarce and labourers available.

DuTy oF WELL WATER,

48, Definition of the Duty of Water.—The term duty of water, as
used with reference to & canal, expresses the number of acres per annum or
per Season.as. the.case.may be, that.canbe irrigated for each cubic foot] pté‘r
5939-5‘-1*@-‘15—99)» of discharge of the canal channel running continuously,
“With wells the duty cannot be expressed thus, as thereis no permanent
discharge, but it is useful to determine the duty per lift from statistics
collected over large areas, and under varying conditions, This duty
cannot give figures applicable to any single well, because the work done
annually will be influenced by the nature of the cattle, the supply of

and depth to water, and the soil, but it will be found useful when applied

to large groups of wells, or for valuations of the probable benefits of
extension of well irrigation in districts,

The results of more than 200 careful measurements made by the author
in 1881-83 are given below. These measurements extended over 20 dis-
tricts of the United Provinces, and may therefore be accepted as a fair

average.

Tt will be understood that these figures do not show what the men

Class of lift.

Mean depth
to water,

|

o5 | Mot—Kili, cattle,

g0 | ,, Lagor s e

Duty in acres per
annum,

Per litt.|Per head.

.8-91 1-95
3-47 1-78
2-76 1-38
0-91 0-91
0-80 080

28 4 . ”n men
15 Dﬂ‘nkl‘ '
18 | Rat 1 ”
L

able both -fo

and cattle could do if regularly
worked, but what they actually
did undér their own arrangements
as to crops, waterings, etc.; and it
will be fair to accept four acres as
the area which can be comfortably
irrigated by one cattle lift in the
year and one acre of garden, ete.,
by one man with a hand lift.

The district of Rae Bareli in the United Provinces, India, is remark-
r the extent of the existing well irrigabiqu and the
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freedom with which farmers have taken adyances for extension  The aver
age of 3 716 hits exammed gave three acres 03 tho mean area 1rrigated 1n
the rab:,® and 3 21 acres as the average area irrigated per annum

When estimating the area to allot as command per lift or well 16
must bo borne 10 mind that the same land 1s rately irrigated orat all events
onght not to be irngated every year unless the manure supply 33 ample,
5o that an arex considerably 1n excess of tho annual average may be
allotted with ndvantage  As the manure supply and the highest cultiva
tion generally lie near the village sites the position of the well should
atso bo considered with reference to the command

The command of a hift may be determined on the cultivated the
culturablo or the total area of the village or district lands  On the whole
the sumplest and most accurate method 1s to determme 1t on the cultur
able area, and I consider a village provided with ono cattle hft per 10
acres of colturable area to be thoronghly protected as far as well irriga
tion 18 concerned—10 acres t3 2} tunes the average annual area 1rrigated

49 Potential area —In famine times as long as the water, cattle,
and men last out, wells will be drawn upon the full extont of their
wrrgating power andib 18 interestiog and mstructive to enquire into
the area which may be consulered possible from one lift

It would appear simple snough to work out this area by talang the
number of dags available the water lifted and the depth of waterng
required but the result of such & caloulation would be erroneous, because
of the—

Different number of wateriogs required by crops

. depths , "
losses 1n the various classes of soils,
s, according to length of watercourse and other varia

tions duc to chimate soil, etc

It is clear, theralore, cb.se the only sound methods of estimation ts to
fake the results of a large number of observations as an average fignre to
which co efficients can be applied 1 special cases 1f necessary

When applying average figures for famine year 1rrigation 15 must be
remembered that the dryness of the soils and the heavy evaporstion in a
dry atmosphere will necessutate extra waterings and thus reduce the
irngable area

The following figures have been arnived at for the Unmited Provinces
from = large number of observations by taking the average percentage

® Ras —Tho cold weather season when wheat and barley eto, sre grown
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of crops cultivated in cach district, the average number of waterings
and the mean time required to water an scre. The total period available'
for watering the rabi, or cold wenther crop, has been assumed at
150 days, and 50 per cent. has

<2
e Lijt, MaXimuin .
£E annuat  been added to the 2gbi aren for
&k command . '
%g Class,  |Labour.| per hit, Kharif crops,

- It will be understood that these

28-1 | Mot—XKili, | Oattle| 8-80 acret. figures are probably the maximum

323 Lagor R 760 .

30.1 D:: . . Men., | 5.00 .  possible under favourable conditions,
315 AN ) 0 297
15 | Raty v |2 » andthat they are very rarely work.

ed to in practice,

50. Depths ofvvmtcrings.--’l‘he following mny be taken as a fair
average of the depths of the water-

Depth in feel.

Crops. v Ator ings given from wells to different
watenng. | watering, CTOPS t—

Whest .. u. 250 .5 The numoer of waterings given
Jﬁ%;g:g;o JOSN :;Sg %gg to each crop differ so widely ac-
Oprum oo 186 128 cording to soil, climate, and season,
g;g;‘f‘ois .o ﬁé‘ i:‘,’; that it would not be of any practi.
Gations i.n. ndge: 33; gg;i cal. use to specify them for general
Sugareane ,, . *259 259 use,

Depths of damp.~The depths to which these waterings damp the soil
below the surfoce vary from 0°30 foot to 1°50 feet, the mean of a large
number of measurements in all classes of soils and crops=0-83 foot,

Losy in waler-courses.—When water is raised from a well for irriga.
tion it hes to be carried to the fields ‘requiring water in an artificial
chonnel, and a certain amount of loss occurs from absorption by the bed
and sides of the channel, unless it is Jined with some impermeable sub-
atance such as concrete or brickwork. This loss is much more serious
thaun is gemerally supposed, being no less than an average of two cubic
feet per foot run of water<ourse during an ordinary 9-hour day’s work,
The loss is of course greatest in Joosely made channels of sandy soil, and
least in well made clay channels.

Taking tho average length of water-courses from irrigation wells nsed
in the United Provinces, it represents a loss of from 20 to 40 per
cent. of arca that might otherwise be irrigated by the water actually
raised, This loss would practically disappear with lined channels, and is
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o strong argument for improving the distribution of all 1rrigation water
both from wells and canals

It will nlso be seen from the above that 1t mill not pay to place a well
far from 1ts command nor to build very large wells unless all the hfts
work mto one common water-course

Cost oF IRRIGATION ¥ROM WELLS,

51 Vanable conditions —There are few wells to be found from
which irrigation 13 carned on under prewmsely simlar ercumstances
Chmate affects the number and depth of the waterings given and there
are marked varationsin the characteristies of the cultivators, wells, and
methods of hiting water,

The advantage 1n attempting an estimate of tho cost of irrigation 1s
that each mndividual well, or cluster of wells, 13a fixture mats own plot
of land, the boundary of which can be determuined with reference to
surrounding wells, and the maximum quantity of water which can be
lifted 1n & day can be fairly well estimated,

Detasl of total charge —Every crop that 1s watered from a well bears
a charge over a dry crop, the total of which 13 made up from the follow1ing
main heads, viz —

A. Interest on capital 1nvested 1 works
B Aonual charges, such as 1ifts and repatrs
C  Cost of liftang the water required.

The word dry 13 1atended to refer to crops rarsed 1nlands unprovided
with wells, as even when well lands are not watered owing to ran having
fallen, they have stall to bear the annual mnterest charges.

Charges on the land —The variations 1o A and B are so great that
round fignres must be more or less misleading but for general purposes
of estimation the annual charge for these items may be put down at
Rs 2 per acre for wells constructed by Government, and Re 140 per
acre for wells constructed by cultivators for their own use, the difference
18 of course, due o the fact that Government has to pay cash for all
work done while culttvators do a great deal personally, and can alse
manage cheaper 10 many other ways, nor 1s there any charge for super-
viston 1n the latter case

Net cost of rawaing water —The net cost of raising water per acre for
the srrigation of the following crops grown 1n the United Provinces, given
below, has been deduced from a large series of observations—these rates
only cover the cost of feeding the labour employed
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Rs, Rs.

Wheat . e 8°0 Carrols . . 10°0

»  and barley o T8 Peay . oo 2°5

»  oud gram e 7°0 Oats . .. 100

Barley e s 00 Opium e . 1540

»  and gram v 50 Tobneco o .o 15°0

o bnd peas v 560 Potatocs .o .. 120

Bafllower . e 4°0 Garden . . 12°0

” and carrols e 8°0 Sugarcano ve s 12:0
Gram ve o 26

WEeLLS vorsus CANALS,

52, Advantages of well water.—The Engineer may be called upon
to consider the subject of wells from another point of view to that of
construction, motive power, ctc, ; he may have to give his opinion as to
the desirability of introducing canal water to tracts already more or less
irrignted by welle, This is a very important matter, and onc that
deserves the most careful enquiry and consideration, because not only is
there tho danger of injuring an established and effective, though expen-
sive, means of irrigation by the introduction of a cheaper method, but
there is the still worse danger of using up canal water where it is not
wanted, and thus leaving other tracts unprotected where it would mean
wealth—indeed life—to the inhabitants,

Insome respects well water is said to be more beneficial to orop
growth than canal water. The general proof of thisis difficult, simply
because there are just as marked variationsin the quality of the water
from different canals as there is in that from different wells; but it is
quite certain that wolls have one great advantage, in that the owner can
raise the water when it pleases himself, and thus arrange his waterings
to suit exactly the wants of the crops, while with canal water he often
has to wait his turn, and may not be able to procure water at the time
most favourable for his erop, It is, however, only fair to note that this
perfoction of arrangements as regards well water does not stand the test
of famine or any excessive demand, and that modern improvements in
canal distribution are steadily tending to more regular, though necessa-
rily restricted, supplies of water.

Investigation necessary.—When making enquiries of the nature
referred to in this paragraph, the first duty of the Engineer is to determine
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CHAPTER III

CANAL IRRIGATION,

1. Canals and Navigation.—Canals. are divided into two great
olasses—those of Irrigation and Navigation, Itis of the former gc]ass
we have to treat now, though a large Irrigation canal may, and should
bo laid out as a rule 50 as to serve for Nagivation as well, the veIOcity’
of the stream being made as gentle as is consistent with its primary
uses, 50°a3 to afford facilities for boats to ascend against it as easily as
possible,

Without special means of traction and special attention, Navigation
cannot be expected to be very suceessful on Irrigation canals, for the con-
ditions of an Irrigation canal are that it should be carried at a high level,
80 a3 to have sufficient head to water the adjoining lands; that it should
follow the watershed so as to maintain this command and not interfere
with drainsge. snd ths: it shonld kave a running stream to. provide the

- -

water recesssry,  Irmigstica carsls, moreover, should avoid the vicinity of

f~
[ ¢
L4
e
£
¢
A
M # va
t
4]
=f
(o
!
[y
)
8}
33
i
[u
%]
)
(Rl
10
?'
L ]
;"
|
e
...'!
n
fo
Qo
=
fo M
=
g
<
©
Lo
=
-
=
bl
o
8
L4

chsnnal, as direos o possible, 52 thsi navizzilisa may be equally easy in

rertiszsand it fsmoer eerzozZxmlls constructed ata low level,

Newissle gaznis 20202 sl copreeal cozveciently near to large centres
cfirzZ

el .
£, B Eilerp—Imrimsiiiz ososs sre practically unknown in

- g, -t “¢:~J-"‘&_‘.:-bu<-—- .
Tompml rpms=y Sir wataizomszdrvs, sSose the rainfall in that country 1s
Togant rowri ST vz T

: wemaiiims ¢f ks Sirmer, as far as regards water,

.- hed - b
~ Yy g U T S Ve AR g _———— QL 1T pe s
T MIDLITEO T IS0 anl L8~ Rdmae c paiupr

i ®re Sreintrs icsTpad 1 he soil,
et T Sremed o STRITinT IIISTDIINOONS mcilsbure oub of ¢
e : = *msze X Roster and drier, there are many
Ser oy vhE Sawe bews woll Jeseed by the late Colonel Baird-
S el Qe =GOS TomemiEd dia, Irrigation works
it god Colrmn 852G Sww-dlizesizd To India, g o
et Sogs el Zovem cdme £ a7 1 i e within
e e s e 2l Smmemeis sod Tadien Engipeers hav witht
DN sz = srsiem of ity -adrom the Nile in
—erf ey Sl ared § TRITIONTI SR . T
aw i‘ut\:\ B - : '
T e = which
The Ees OpIwi ORI ST ; gt Eogls leh
RS TR [
o ey el TR 67 T , _; |
W ehemare iy TIUNTs 37 P S



CANAL TRRIGATION 31

resorted to, to bring them into uso and make them pay as quickly as
possible, At first too, our Engineers had no experience of such works,
nor was thero any availabla source from which 1t could bo derived  Much,
therefore, was done by rule of thumb, unt1l the laws of running canals
may be said to have worked thomselves out  On the Ganges Canal, for
the first time, there was new ground to work upon  Sir Proby Cautley
succossfully overcame the difficulties attending that vast project as far as
regarded the man canal, and his abla successors m the Indian Irrigation
Department have from timo to time, developed and systemiged arrange-
ments for the distribution of water which have conferred the greatest
benefits on the country  Much undoubtedly yet remains to be done before
the system can be said to bo perfect, but practical advances are being
steacily made all tending to economy of water, security of the soil from
njury, and an sutomatie method of distribution
What Sir P, Cautley did for Northern India Sir A, Cotton carried
out 1 the South, and the great works from the Cauvery, Godavery and
Kistna remam as monuments of hus energy and shill
Irnigation works have recently been started 1z both Australia and
Sonth Afriea and will no doubt spread in time to all localities where
swater 13 avatlable and the cltmate switable
8 Man classes of Canals —Irrigation canals, according to the
nature of their supply and system of distribution, are called Permnnent
or Inundation, but there are many grades of so called Permanent canals
from those supplied by unfarhing suow fed rivers to others dependent for
water on springs or reservours, A eanal 13, however, considered perrea.
nent when ts source of supply 13 sufficzently well assured to warrans the
construction of a regular fixed graded channel supphied with the masonry
works necessary for regulation and distnibution, Inundation canals are
those dependent for their supply on periodical rises 1n surface level of the
niver fram which they are taken off—they are rarely hited with perma-
nent masonry works
The operations described 1n the following chapters as necessary for
an Irmigation Project or Design, are suitable either for a new capal or
the remodelling of an existing work,
PERMANENT CANALS
4 The Project ——When the introduction of canal 1rrigatton nto
any district, or tract, 1s considered desirable, 1t becomes the duty of the
Canal Engineer to prepare what 13 called the * Project * This 1uncludes
the Plans of the proposed works, the Estimate, & Report en g
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all points worthy of consideration, and a forecast of the probable yearly
expenditure on Works, Maintenance and Repairs, with the anticipated
monetary returns,

5. Financial classification of Canals.—Under existing Financial .
rules, canals in India may be divided into three main classes—

(@) Productive Works,
(b) Protective Works,
(¢) Provincial or Minor Works,

6. Productive Works.—When the forecast referred to in paragraph§
4 shows that the net income from the proposed canal will exceed the'
yearly charges by a sum equivalent to at least 4* per cent. on the Capital
invested the work will rank as productive, and can —be constriig TOT
borrowed funds advanced by the Government of India, the Province res-
ponsible paying the interest charges from the Canal revenues, The
forecast should be calculated with great care, and on a moderate estimate
of the yearly spread of irrigation to allow for the extreme fluctuations
of the Indian elimate. A certain number of years is allowed for the
development of irrigation after construction has been completed, during
which the interest charges accumulate as a simple debit, to be paid off
as the revenue gradually increases. On the expiration of the term of
years fixed (now 10) 1 to fulfil the conditions constituting it a productive
work, the net revenue receipts should have cleared off all interest
accumulated during construction and development.

The Capital account on which interest 1s paid includes the cost of all
preliminary expenses, such as survey, compensation for the land occupied,
the cost of the buildings, masonry works and channels, constituting the
canal proper, including the maintenance of the above in good order until
construction is complete ; also the pay, pension and leave charges of the
establishment employed, and the value of tools, plant and stock. An
item equal to the capitalized value of the revenue derived from the land
occupied by the canal, has also to be added, to cover the loss to Govern-
ment on this account, for in India the State, being the owner of the land,
receives a certain proportion of the rental as land revenue, rl‘he abov?-
mentioned heads of Capital include all. tbe' items on V‘thlch interest is
payable ; but before any of the revenue becon.1es available 'for defray-
ing interest charges, or as a profit on the operations, the followm,gr annual
liabilities have to be discharged, viz.,, the cost' of Extension a.nd
Improvements, not included in the Capital account which have been carried

s . . b
.® Amount is fixed from time to time by the Governmen
t Seo paragraph 9, Seoretary of State’s Despatch No, 1, dated 6th January, 1881,
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out during the year, the amount spent on Repairs and Maintenanes of
the canal whenn operation, or running , the pay of all establishment
employed both on works and i1 assessing the revenue, and an additional
charge calenlated on their pay to proside for ther leave and pemsion
allowances

The revenue of the canal 1s mainly derived from payments made by
cultivators and landlords for water actually supplied to crops, receipts
from Plantations Navigation and Water power duss, and the above,
with a few other petty 1tems, are called Direct Receipta, but the Canal
rovenue 1s also credited with a share of that increase in the value of the
1and due to 3t being 1rr1igable by the canal, though possibly not actually
wnigated during the yenr—this latter 1tem s called nn Indireet Recerpt,
and 13 oredited to the Owna’ revonue by an annual book transaction

From the above briel sketch 1t will be evident that canals treated ag
Productive, are worked on strict commercial prineiples, with this excep
tion, that neither reserve nor depreciation funds are kopt up The
former 1s, however searcely necessary 1n the case of = great Government,
or the latter where the works are hept 1n efhcient order as they generally
are , but 1f the surplus revenue was employed to carry ont improvements
onthe canals 1nstezd of being paid tnto the general revenue of the
country, the prosperity of certatn of the canals in India would be even
more marked than 1t 13 at present

7. Protective Works *~~Canals when Productive ensure the proy
penty of the lands commeanded by their waters, without burdening the
general revenues of the country 1t however oecasionally becomes
expedient to bring canal water into tracts <o situated, that the reveoue
denvable from the works will not pay the interest charges on the Captal
wmyested  Under certain conditions the Government of India witl advance
the necessary Capitel from Protective or Famine Tunds, but 1t 18 not
probable that many works of this nature will be taken in hand i the
future, unless the Province interested agrees to guarantee the yearly
charges In certamn cases it may nevertheless be both profitable and
Judicrous for the Province 1o do this, under the sysiem of Finapcial
Contracts now m force, which renders each Province independent of
Impertal control, as far as regards interior finance For example, 1f we
take the case of a distriet suffering from a fluctuating ranfall, the mam

* Proteative Pablic Works have bean defined 2s those which slthough mot direotly
remunerative to an extent which would justily thesr inclosion in the elass of Productive
Pablia Works, ura caleulated to guard agaimnst a probable futare expenditure in relief of the
popalation,
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revenue from the district being derived from the lend, the partial loss
of this revenue even for one year may easily amount to far more than
the deficiency of the canal revenue over a series of years; and when it is
remembered that the population in Iudia is mostly agricultural, and that
a famine necessitates extraordinary expenditure from Government for
relief, the advantages of an assured supply of water can scarcely be over-
estimated. It may, however, well be asked : Why should not all canals
be Productive ? One of the principal reasons is that owing to local condi-
bions the supply of water available is frequently so small, compared with
the cost of the work necessary to distribute it, that a prohibitive price for
water would have to be charged to cultivators to render the canal sglf-
supporting. The rates for irrigation at present charged are low, far too
low in the opinion of many experienced Revenue authorities ; but to raise
them above the average in districts requiring Protective works, would
tend probably to deter the farming classes from extending the crop area.
Cultivators in India have absolutely no system of self-insurance; so far
from putting the profits of a good year against the losses of a bad, their
usual custom is to spend all they can make in favourable seasons, and
borrow at a ruinous rate of interest when times are hard, Thus it wil] be
easily understood that the maeximum uniform rate which can be charged
for canal water is its value in years of fair prosperity to all classes, i.e,,

when grain is cheap and the profits from farming ounly moderate, I is

needless to observe that rates fluctuating with the season are contrary to

the principles of good government and the stability of tenures, It should

not, however, be taken for granted, that because we have a dry country,

and water in the rivers, the construction of Protective canals will neces-
sarily prove profitable, or even advantageous; on the contrary, the case

of each work and tract must be taken up and worked oub with great care,

both from the Revenue and Engineering points of view before a decision

can be arrived at.

8. Provincial or Minor Works,—Small works, the estimates of
which can be sanctioned by the Province or Local Government without
reference to the Government of India, are classed as Provincial or Agri-
cultural. The elaborate forecasts necessary for Productive and Protec
tive works are not required for Provincial Projects ; but at the same time
it is equally expedient that they should be founded on a sound financial
and agricultural basis, . ' .

9. Financial aspect of Canal Projects.—This question of Finance
has been touched in here rather out of place, as it,in a measure, marks
the difference between the projects usually required from the Canal
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Eng:neer, and those prepared by the other branches of the Pubhic Works
Department 10 India, No direct return 15 received from the expenditure
on Buildings, Roads, or Bridges, and Railways are often construsted for
strategic reasons, or a5 lnks of a great system, quite independently of
their returns from public traffic  The Canal projector, on the contrary,
has always to consider ways aud meaus, aud must often rehngquish plans,
admirable perhaps 1n an engineering sease, bus unsuitable for constras

tion because a good return for the capital tnvested cannot be earped



CHAPTER IV,
SELECTION OF SITE FOR HEAD WORKS,

For canals taking out directly from rivers the selection of the best
position for the head works demands o close examination of the country,
and a thoughtful consideration of all the questions involved, questions
not only numerous, but complicated, both in their relative importance
to finance and engineering expediency, and their bearing on the general
design,

2. Great divisions of river channels — Putting out of consideration
for the present minor streaws rising from springs in low lands, the large
rivers of India show four marked divisions of character extending over
long stretches of channel, viz. the mountain .length with a rocky bed, ‘
narrow gorges, aud many abrupt falls; the_submontane boulder tract,
with high slopes, a wide bed divided by islands into several channels, and
many hill torrent afHucuts; the trough portion with a sandy bed, 2 low
slope and & wide khadir bounded by high table-lands ; and_finally the
delta in which length the channel bed is elevated above the general level
of the country, which has long gevtle transverso slopes on both sides,

3. Minor divisions.~—~That these great divisions can be further sub-
divided will be easily understood ; indeed, when it has once for all been
determined from which of the greas divisions the canal will start, the
exacl Jocation of the head site must be fixed by the special characteristics
of the sub-division. These minor sub-divisions may be briefly sketched,
thus the boulder tract often ruas up far into she hills, and lengths of it
may occasionally be met in hill valleys interrupting the continuity of the
rocky bed ; the slope of the boulder bed may vary from over 100 to some-
times as low as 5 feet per mile, causing naturally great differences inr the
character of the valley, Beyond the apparent junction of the boulder
and sandy beds, boulders will be met with in the subsoil, and for some
distance below the junction the sandy bed may be but slightly depressed
below the terreplein. The trough length again will present most marked
contrasts sometimes—but very seldom, the river will occupy the centre
of the khadir in a straight reach with fairly high banks—more usua_,lly
the river hugs one bank. In this case the other edge under the h.xgh
banga;- is almost invariably traversed by a minor Stre&tfl or nale which
drains the wide stretch of abandoned khadir, and is itself the last
remaining trace of an ancient course of the river. There are many
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indications to show that the trough lengths of these Indian rivers were
deltate 1 their nabure in past ages and that by o steady retrogression
of levels which 13 suill going on, the river bed has been cut back through
the tableland. The usual abrupt descents from the table land and the
general low level of the river valloy show, however, that the limts of
oscillation of the river bed are at the present time very much the same
as they were when this process of retrogression commenced.* This 13
an important pomt to bear in mind, a3 1t shows shat very little depend
ence 13 to be placed on an apparent permanance of existing channels, at
the same time great varations will be found 1n the soils of the valley,
and many lengths will be found of a far more permanent nature than
others Thus, 1o some sections soils will be found varymng from hght
deposita covered witha sparse growth of vegetation to mere sandy
dunes, whilst 1n others will be met fairly strong clay stretches well
cultivated and dramed with long eatablished villages standing on them
Asarule the deposits will be of a less permanent nature on one bank,
but the disttaction wall not be so marked between each bank in the
same section as between different sections, This variety 1a the quality
of opposite banks 15 generally caused by the differeace 1n depth of flood
water passing over them a deep flood spill, when not a backwater
throws down & coarse deposit, while a thin film has nothing but clay to
part with. The reasons for the great diversity in the different sections
of a trough river are somewhat obscure, as the action of s great river
m floods 1s complicated by a number of conditions with which expersence
bas as yet but partilly acquamted us A carcful study of any such
niver 1n flood will show one pecnlianity which throws zome light on the
subject, viz,, that the great mass of the silt contained 1n the flood water
1s not carried long distances the flood does not, as mught at first be
supposed, carry down all the detritus from the hills direct to the plains;
on the contrary, the actton 18 one of picking up and depostting again a
short distance further on, or to one stde—aguin picking up and depositing,
and so on A certatn quantity ef the finer silts and the clay which 13
almost dssolved by the flood water 1> undoubtedly carried great distances
and slowly deposited as the steady reduction tn slope reduces the velootty,
but the great mass of the heavy silt carred by the floods 1s locally eroded,

#Th:e prooess of retrogress.on exnuot have matenally increased the bed slope of the
nivers as the beds are meuslly more or le s parallel o the country surface, tbough
depressed below it, The Ganges forinstance, may be farly sesumed as baningent back
about 70 feet between Hardwar and Allababad, a distance of about 400 rules 28 the crow
fites—this only amounts to 0 18 foct per ruule,
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and again locally deposited from time to time. This peculiarity explains
why the deposits forming the valleys are not as uniform in quality as they
would be if regularly deposited from floods carrying the defritus from
a local source, The original variations in the quality of deposit in
different sections are probably due to the natural differences in the soils
of the table-land through which the river cut the trough, combined with
the reduction in velocity caused by the tortuosity of the trongh or channel
in extra sandy sections, . -

The contours of the valley lands in the trough division have an im
portant bearing on the adaptability of different sites for the construction
of head works, Section A (Fig. 29, Plate IIT) shows a case  where the
river has deserted the east bank, but probably since a comparatively
recent period, for the slow action of successive floods has not yet raised
the low valley on the east, Now although, owing possibly to the com-
parative blocking up of the channels at its head, only a thin spill passes
over this low valley in floods ;.yet as the construetion of a weir or bar on
the main stream will undoubtedly raise the flood level, there will always be
danger of the main stream deserting its existing channel and taking to the
east bank again. This danger is enhanced by the well known fact that
abnormal floods do occur, though not at frequent intervals; the danger
' again is, however, greatly reduced by the well known objection trough
rivers have to re-occupy from surface spills channels which they have
deserted for some time.* When they do change their courses back to
some old line, it is generally by side erosion of the banks, The section, how-
ever, cannot be considered a favourable head site, and onelike that :ﬁhown
in Section B is much to be preferred all other conditions of soil and
situation being equal ; for the contour as it stands is not only ad‘vanbage-
ous, but in itself a-material proof that for a long time past the river has
been pretty constant to its existing channel. _ )

In the trough length the river bed is stead.xljlr,.thopg.h perhaps sl.o\‘vly,
being deepened, on the contrary in the delta division it is as surely rising.
(See Fig. 80, Plate I11.) o

This different tendency is simply due to the gradually reducing slope of
the country diminishing the gilt-carrying power of the flood watier. Thé
delta deposit is more or less clay, though sandy on the actual river bed,
as the velocity is then greatest on account of the dep.th. When. the
floods are kept within bounds by embankments the bed is very quickly

raised, and destructive floods {rom breaches are certain to ultimately
L

e Such old chanuels become lined with a more or less thick coating of clay from slow
flood deposit, and the beds are generally covered with heavy grass or jungle
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occnr  When the floods are not confined, the surface of the country gene
rally rises 10 & gradually decressing stope from each bank of the river
(ses fig 31 Plate [T1) affording many and great advantages for economieal
nigation In such tracts canals serve a double purpose for they not only
bring water to the places where 1t 13 needed, but they also by taking off a
large proportion of the fioods save other tracts from inundations where
water 1s not required

4 Torrents —The possession of a delta close to 1ts mountam source
may be held as the feature distngwshing a torrent from a river or stream
The torrent cour<e may, ltke that of a river, be separated mto fonr marn

. LY Med W lhadhng noe ovagna w otk fae o
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From this marsh small drainages break out 1n places tounite further down’
1nto & defined channel or stream (se¢ Fig. 32, Plats ITT) These physi
cal features are marked by one peculiarity, viz, the complete absence of
¢istble water 1n all the divisions except for a short timeduring heavy ram,
Even the final pala rarely contains any water unless it derives 1t from
some SPring unconnected on the surface with the torreat The floods
which pass down these torrents are short lived, though extremely violent,
and the slope on the fan generally varies from 25 to 15 feet permile Two
successive floods Tarely or never occupy exactly the same posmition on
the fan, for cooung down loaded with silt they spread out in different
directions  bewng constantly foreed aside by thewr own deposits (see
Fug. 83, Plate 11T)

1t will be easily understood that the surface of the water 1n torrents 13
not smooth Like a river flowing with an established regimen, but a series
of waves ope following the other at short wmtervals It 1s now generally
admitted [see (a) Frg 33 Plate I1T] that down to a certain humt, the bed
1n the fan moves with the torrent, and that the surface of the fan afier a
flood does not by any means represent the actual bed dunng £oods. For
constructive or experimental purposes the imit of movement of bed ean
easily be ascertamned for a particular locality, and an ohea—ved dircharge
by simply sinkiog a pillar of artificially colotred #223 13 the bed and
measaring the hmit after & flood  Although the cszto=r ¢ e surface of
the fan 13 tly chang n,yet'the 1z 118 ze2zsl dimensione




e s

il

40 CHAPIER IV.

which eross the Ganges Cunal a short distance below Hardwar, These
lorrents are carried across the canal in superpassages respectively 196 aud
206 foet wide. Tho Ranipur passage was fixed just below the fan with its
floor 3+5 feet below the normal bed of torrent, the slight silt deposit thus
caused was many years ago removed with ease by an improvement in the
outfall —this, however, did not cause the fan to reach the work, The
Pathri passage was fixed within the fan with its floor level with the nor-
mal bed; after & time heavy rotrogression in the Pathri torrent above the
fan took place, the immedinte result was a stendily increasing deposit on
the floor of tho superpassage, and as soon as the retrogression was com-
pleted up to and stopped by the hills, the deposit ceased to increase,
These superpassages remained in the conditions described for many years,
aftor which the widths of the masoury channels across the canal were con-
siderably reduced, and the channel outfalls below improved, with the result
of washing away nll the necumnlated deposits, and causing extensive re-
trogression of the beds necessitating artificial protection. The excessive-
ly gilt-laden nature of the water during floods, therefore, must not be taken
as an index of the quantity of detritus brought down by the flood from the
hills: the same action that takes place in rivers is exaggerated in torrents,
which in their downward course are constantly picking up and re-deposi~
tiag the same sand a short distance lower down., That this must be the
case is at once evident from a consideration of the extreme and constantly
diminishing slope of the course and the unstable nature of the bed.
Although somewhat out of place, it is necessary here to draw attention
to the results of fixing a hard bar across such torrent beds at di.ﬁ'erenb
levels [sce (b) and (), Fig. 33, Plae TII]. Now when the bar is fixed
as in Fig. (b) with its crost at or above the normal level of the torrent,
the flow of the sandy bed is checked during floods, which has ,8‘ double
effect, viz, it causes the water to tise and fall over the bar giving the
flood thus additional scouring power ; and it also reduces the velocity up-

- gtream, thereby clearing the water above the bar and adding toitseroding

capacity below, whero the slope is not decreased. The result which .in~
vatisbly follows the imposition of such bars is a marked retrogression
below them —this is well exampled by the Nowgong weir on the Eastern
Jumna Canal, the Dhanouri dam on the Ganges Canal, and many other
works. For years after its construction, the retrogression had increased
below the Nowgong weir on a torrent which had a uniform slo_pe of 8to 9
feet per mile before the weir was constructed. In 1842 the lower bed was
91 feet below the crest, when the weir was breached for 190 feet of its
length, and the succeeding foods of that year nearly restored the bed
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through tho breach to its original uniform elope. Tho bed bolow the
Dhanouri dam has been steadily lowering yedr by yesr, and to onsure the
wafoty of 3he works it has been found necessary to build a series of orib
and boulder bars atepping off the slope.

5. Bill streams.~Bill streams derive iheir supplies from hill
aprings, sometimes from Iakes fed by eprings, or lakes which are simply
reservoirs of hill rainfall ~in the last case the supply must be econsidered
as exiremely procarions. In the passage from the foot of the hills to
the low lands, & considerable proportion of the supply is absorbed in the
soil, and many of the amaller entirely disappear a short di
below their sources. o the larger riversand streams the water thus
fost by percolation probably re appears to a certain axteat lower down in
the channel, but the water from the small stresms simply goes to feed the
great Bhabar sub-soit revervoirs,*

Canals can be made most profitably from amall hill streams and springs
with their head works in the hilt gorges, bus the chaonels have eithor to
b lived with masonry, to prevent excessive Joss from percolation and
erosion of the bed from the great velocities engendered by the }ngh alopos,
ar be given comparatively low slopes and falla, indecing
which belp to minimize the loss from percolation. The choico of sitea for
head works is generally limited, but their contruction snd protection does
uot prasent any great difficulsy, 43 an sbundance of muitable material is
alweys economically available

Weirs are rarely required to turn the aupply into the heads of the
canals. as owing to the high slapes temporary baulder bounds are
sufficient in the cold and hot weather, and in the rains the height of the
floods will gauslly be covsiderable—indeed the main difficuliy met with is
tolocate the hand 6o that it will serve in all seasony, This difficulsy is beati.

by selectinga site Hy protected by farge projecting masses
of rock, which,diverting tha great rush of the floods, will allow the supply to
snter from an eddy or back water. Care must aleo be taken to ensure that
the channel can be led sway from the head withont interfering to & serious
extent with the natural drainage from the hills. Where such drainage
crosses the ling massive masonry works will be required, as on no acoount
should either floods or debris be nllowed to enter the channel—the former
would almost certainly destroy it, s« all hill torrents, though short lived,
have a very heavy discharge compared with the ares of their collecting
basing, and the debris would, by choking the chsanel cause.ssn overflow

* 8¢ Wall Trrigation, para. 18, chaphor I
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Z: b;f:?,?{;]yc:::?s n;:?,:gli; zzz:lt.f It may be here mcnf,ion.ed that many

; p for miles along steep hill sides, where o
passage even on foot is found with difficulty ; and in channels so admirably
protected by arching, superpassages and culverts, that they have become
practically independent of the effects of the rainfall, and carry their
supplies with & marvellous regularity to the irrigable areas in the plains
below,

6, Spring streams.—Of spring streams therc are two distinet varie-
ties, viz., the small river with a distinetly marked channel from tho hills
dr): or nearly so near the hills, but gaining steady increments to its suppl;
as it passes through the heavy clay lands below; and the local stream
rising from a swamp or nest of dry channels, which gradually accumulates
more and more water in its downward course, A river of the first class
has generally a tortuous course, a sandy bed, and is subject to severe floods.
Its channel sometimes occupies a local watershed, and may indeed be said
to be slightly deltaic in its nature,and it differs from the large rivers in
not possessing a valley®—this renders the floods more violent in their
results and causes them frequently to spread over the surface of the
country, and to eventually find their way into the adjoining rivers on
either side, thereby often cutting up the doabs by cross drainages, It is
unot an unusual result for the floods of one river to be entirely diverted to
another, and on the whole this class of stream must be considered as
extremely unstable ; and when utilized for canals, the head works require
not only careful location, but constant care and attention. They are also
very expensive in first cost, as the heavy floods call for relatively larger
and more massive works than are required in more stable streams with
similar minimum supplies.

In this class of river the fall in the country being rapid, there are few
difficulties with regard toleading the supply on to the ground surface it is
desired to irrigate. The points to be considered in selecting a site for
head works are stability of channel, good soil, and if possible high banks,
and ss these three conditions more or less depend on one another, they
will, if they exist at all, generally be found combined. A naturally
straight reach for some distance above and below the site is perhaps the
most important of all for the construction of the weir; by reducing the
velocity above, it will lessen the tendency of the river to wander, and the
fact that such a reach once naturally existed, is proof positive that it can
be maintained by properly designed training works; while if a winding
reach is selected with the hope of eventually correcting it by straight cuts,

’ % The floods being a8 high or higher than the banks, the deposited silt is high also.
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ete the very means ndopted may produce results neither anticipated nor
desired At the <ame time & certam amount of straightening may be
allowed on account of the reduction in slope caused by the elevation of
the weir  The cbjections to makiug alterations 1n the length ofa winding
stream are very great 1n easily eroded sol with high velocities, for owing
to the determinition all such rivers have to mantain their original length,
exther the concave curves BB will be constantly eroded and ailt deposited
at CC (see Fag 34, Plate III) or the stream having exceeded the length
required b y ats veloaity will try to shorten itself by a straight cut through
one of the bends or an erosion of some deposited smlt —1n any case there
will be a constant change of posibion going on which renders such smtes
unsmtable for permanent works

Tt19 necessary to select positions where the river 13 confined within
high banks as owing to the depth of the floods being relatively great
compared with the discharge and the river channel being unstable and
liable to waunder the flank works mivariably require raising above the
maximum anticspated high flood level with low banks the protective
embankments would be both costly and rnsecure

If the weir and canal head site are safely situated with reference to
floods the canal channel may well be taken along low land grad wlly lead
1ng to the watershed for the expense of providing minor drainage crossings
will be less than the cost of deep excavation This course 1s however
only feamble when either the river has a valley and the canal channel can
be cheaply protecte 1from floods or where the high river banks form as1s
generally the case the real watershed Yn the latter case the channel
would first cut through the high bank then pass along a contour outside
1t gradually regarmng the watetshed as the slope of bed permits of &
command of the country In both cases the local dramage cut off by the
canal banks requires full provision for 1ts passage over through or mnto
the canal— the last arrangement being held objectionable 1f 1t can be
avoided by any other means

The second class of apring stream d ds very d tr

here we have good soil a defined and practically permanent channel wn,h
floods wholly dependant on lofal ra nfall  The weir may be designed with
hittle hesitation on the basis of the mean capacity of the channel expan
sion for abnormal ramnfall being allowed for by keeping the flank opposite
to the canal head at the same level as the river bank  As the soil of the
river banks 13 generally hard clay the passage of an occasional flood round
the fianks 13 not dangerous provided the masonry work 1s carefully pro-
tected by pitching so as to prevent erosion m its immediate vioinity




23

P Bts MDA samn T R AL AN, it X tapin;

" CHAPTER 1Y

These works are generally small owing to the proximity of the sources of
supply, but should be substantially designed, as owing %o their being
usuelly situsted in somewbat inaccessible localities, they cannot benefit by
the frequent inspections of responsible officers tc the same degree that
larger or more important works do. ’

Ample provision againgt retrogression of bed level should never be
omitted, for falling as most of these streams flo, with a high inclination
of bed and a short course, into larger streams they are liable to adopr
very quickly every alteration in level of the larger stream, and it has
already been noted that the larger hill-fed streams are extremely unstable
in character. It may be noted that, in order to obtain the full supply
from these streams, a series of works will be found necessary, as the springs
are not confined foone loeality, but appesr at intervals over a considerable
length of channel.

7. Great river Head works,—The decision whether the head works
of any canal should be situated in the hill boulder tract, or in the sandy
trough, must be determined by the position and level of the country which
requires irrigation. There have been warm controversies at various times
between experienced Canal Engineers regarding the relative advantages
of both positions, but the practicability of both classes of site baving
been demonstrated by actual construction, it is quite evident that at
the present time the area to be commanded must determine the selection,
unless great excees of cost should render one of the sites a financial
impogsibility.

There are, however, on general grounds, four strong arguments in,
favour of the itrough site—First, the well known fact, that a dem in the’

‘mwh‘éﬁt”ﬁ to all appearance perfecily :::vg‘ger-tight does
not hold Wpall the Water in the river, for there is always a strong sab-soil
flow which appears lower down, and which combined with-percolation from
the bangar, and possibly a supply from some affluents, will give an increased
discharge at the trough site. Secondly, in the Bhabur reacha canal from
boulder head works is certain to lose a large proportion of its supply from
percolation, and this loss may be greatly increased if the chennel passes
through light sand also, as it is almost certain to, before it reaches the firm
soil of the doab. Thirdly, the tracts lying at a shory distance from the
hilla rarely require water with the same urgency as those lower down, and
what quantity they do want can generally be given by petty works from
minor hill or spring streams; at the same time it is bad policy in & finan-
cial point of view to entirely ignore these upland tracts, for growing &s
they do h;'gh class crops, such as rice, sugarcane and wheat, they are very
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mportaut to the country Fourthly the certawnty of getting 2 supply
1nto the capal at any moment when required which 13 ensured by a
masonry weir fitted with proper regulauing arrapgements  Thisargoment
1t somewhat neutralised by the fact that up to the present time the bonl
der head works 1n the north of India have never yes been known to fa1l
~—1t must be admitted however a4 a possibla contingency *

As far as rogards the relative expense of construction 1t 18 imposmible
to draw any comparison without s sufficient knowledge of the details of
each case, bus 1t may generally be assumed that the trough weir wll be
the most expensive to construet, It was formerly anticipated that the
annnal expense of maintenance wvould be greatest on the boulder elass of
hesd works, for these not only require annual re-construction, but the ex
pense of maintamning the torrent and other drajuage works crossing the
chanoel i itsupper roaches must justly be taken into account. but
experience has proved this anticipation & fallacy and a heavy annual
expenditure on tramfng works must bo considered a necessity forall great
trough weirs— this at least 24 far a8 existing experience goes— for there are
reasons to behieve that exp 1 the g t of thess works will
tend to reduce this great expense When estimating the maintenance of
such a great and umportant work 1t must be remembered that the sense
of heavy responsibility on the Eng 1 charge will not allow lum to
nsk an acerdent, even 1f 1t ppears remote and that he will be quite
Justified 1o epending large sums on purely protective works

It may Hy be found judicious to construct both elasses of head
works for the same canal, particularly 1f few dufSculties are anticipated 1n
the course of the upper channel. The boulder head would i1n this case be
firat constructed to supply the submontane tracts and earn an 1ncome for
the canal before the hetvy expense of the trough weir was undertaken It
15 probable that & shight increase in the total supply obtamable from the

# Norz.—The temporary boulder buads put op every year after the rsine mey never
fa1] entirely, but frequently they ars too Iate to st requirements when thers 15 but Litile
rain in Avgost and practically none 1n Ssptembar the demand in September for rice snd
sugarcans 1a intense 1n October there 1s added a demand for pales for wheat As the
temporary bunds re not started till shont the 1st October and are not Anished before the
15¢h Noverber thezupples in canal are far below requitements during Beptember and
Qotober

The Upper Ganges Canal was badly hit two years 1n sucoesaion with 4 failurs of the
Taonsoon in the mentha of Augnst and beptember conuiderable damage boaing done both
to rice and sugarcant and the ws er available for paleo for rabs beng 1nadequats snd
late  To ovord those losses in the future, Permanent Head Works are now under cone
struction & little above Hardwar
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river would result by following this course, as the percolation from the
high lfxnds is inereased by every foot of reduction in the water Jevel of
the river, and some discharge from the boulder head supply will be
caught up for uso n socond time. :

8. Choice of boulder Head Works.—The main points to be ‘kept in
vipw when choosing a boulder head site are the selection of an improvable
side channel,® not directly subject to excessive flood action, into which the
cold weather stream can be easily diverted from the main channel, and the
attainment by the canal channel of the backbone of the country without
serious interference with cross drainage. The question of boulder heads
therefore naturally divides itself into two parts, viz., the river works
and the canal channel, from its head to the point at which it emerges
fairly into the doad on the watershed.

9. River works.—It need hardly be stated that the side or supply
channel mentioned in paragraph 88 should lead directly on to the point
fixed on for the head of the excavated chabnel. This supply channel itself
will probably need adjustment of levelsand bed to suit the supply required
for the canal. The canal supply could not with safety be taken from the
main river directly, unless very massive works were provided, and even
these would not provide against the contingency of the head being heavily
shingled up; while the supply channel, being capable of disposing of a -
fair share of flood water, and being more or less under control by means
of waste dams, is easily kept open at all scasons.

This control over the supply chaunel is maintained by making its bed
slope after the first few furlongs something less than that of the main
river. The actunl difference to be mademust be determined by local
conditions, but a total rise of 5 to 8 feet at the canal head will nearly
always be ample—there will rarely be difficulty in gaining this rise owing

to the high slopes of the boulder bed . (Fig. 35, Plate I11.)

It will be seen from the diagram that the floods of the main river can-
not easily break into the supply channel except at the entrance (which
should be well protected), and that the excess water in the supply channel
can easily be passed over waste weirs or through dams into the main river
from the tail or convenient points above it ; this rise in level will also
reduce the depth of excavation of canal channel at its entry into the high
bank. It has been previously noted that the bed of rivers in the boulder
tract is rarely confined to one channiel. Fy. 36, Plate III., gives a
common disposition of the channels which are usually separated by islands
covered with & thin layer of mould, and often wooded.

% (Oalled the supply channel

'
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These channels might easily at first mght be supposed very unstable—
this, however, 18 not the case Changes 1 them though constantly
oceurnng, are gradual and slow, except as the result of o great flood or
some artificial interference with nature , and although the experienced
observer will readily detect the signs of channels deepening or shmglmg
up yet 1t requires very careful eng) g and often d ex
penditure to promote Any desired change 1n the regimen of such a channel,

QOn the diagram (Fig 36) have been shown the usual bunds* and dams
which would be necessary to turn the cold weather supply intoa canal The
bund A over a shallow channel would casily be made water tight B over
the main stream would probably leak, as 2ll these bunds, being temporary
and iatended to last for the cold weather only are made of cmbs filled
with boulders or boulders only faced with shingle, & supplementary bund
C and cut sre therefore provided to catch the lealage In very large
nvers with deep beds a senies of sucl bunds and cuts may be required —
the slope of channel being great the level of water headed up on each
successive bund 13 reduced  (Fag 87 Plate I1I)

It 13 to allow for this senes of bunds that the slope of the upper reach
of the supply channel 1s not reduced It may even bo found netessary
to give 1t a greater slope than the mam river for a short distance or to
Thold up the level of the main stream bed, by a sunk masonry or erb bar
to prevent retrogression of bed or local deepscour , atthe same time great
care should be Laken not to nduce too strong a draw nto the supply
channel during floods  Indeed 1t 15 a wise precaution to protect the
entrances with bed bara and powerful revetments Beyond the above,
regulating arrangements at the entrance of the supply channel are rarely
exther necessary or expedient The point D will generally require strength
ening, and the opposite bauk of the river rivetting, but the main prinerple
to be kept ta view 13 simply to mantain an open head of fixed dimensions
and to pass off the excess flood supply back into the river by the tail
dam aided if necessary, by the spill over a waste weir some distance
above this dam,

The logitudinal section of the bed of the main miver below D, the head
of the supply chanzel requires examination, as all rivers 1n the boulder
tract run 1n a succession of pools connected by rapids  For a favourable
site, the rapid below D should leave ample room above 1t for the supple
mentary bunds It need hardly be said that the condition of this rapd
should be verified year by year after the floods 1n order to check any ten
dency the river may show to alter or move 1t,

® Bund=sn earthen or bovlder embankment
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The detail of the bunds, their construction, removal during floods, and
the usual arrangements for controlling the river and preventing oross
drainage by embankments, are referred to in the ‘descriptions of works,”

10. The upper reaches of canal channel. — The extraordinary varia-
tions in the disposition of the drainage from hill tracts render it impos-
sible to lay down any fixed rules for the alignment of & main canal from
houlder head works. A sketch of the practice usually followed will, how-
ever, sufficiently indicate the principles by which Engineers in India are
guided, . o

It is first necessary to note that the watershed or backbone of the
country bhetween any two greut rivers does not of necessity lie midway
between them; on the contrary, it usually Jies very much closer to one
then the other, so that a cross section of the country would show levels
something like Fig 38, Plate I11.

The drainage naturally follows the slope of the country, so esch river
will receive as a rule many more affluents on one bank than the other,

Now the desired object is from the dam to gain the point A or A’ (Fig.
39, Plate’ JI) where irrigation should commence, with the minimum ex-
pense and the maximum safety for the future maintenance of the works.
This end may be attained either by boldly striking across the courses of
the torrents in more or less deep excavation, vide A, or by following low
ground or the channels of existing minor branches of the main river or
other streams to gain command of the countrylower down by & circuitous
route, vide A’. )

The objections to.the first course are: heavy expense of construc'tzqn,
probable increase in loss of supply from percolation and the necessity of
providing full waterway for the greatest possible discharge of torrents
'nc‘;zr the hills where the reinfall is often excessive, and the floods are both
sudden and violent in their effects. Its advantages are : the ensured per-
manence of ths supply in all seasons, facilities for inspection and regqula-
tion and the profection of the country from ».She injurious eﬁ‘éctf of floods
artificially carried in channels not originally intended to transmit them.

The objections te the second course are : loss of head, i.e., in most cases
it will not be possible to command the main We.f;efslzed as far up country
as is agriculturally desirable, injury to the ad]ommg‘ country from un-
regulated floods and saturation of low lands for, passing th.rough depresl-
sed clay and sandy tracts, often in embankment, f;he supply in the ean: ]
will raise this subsoil water level, already high, to the surface of the
ground , and although thus itself in time will checlf t-he loss of supply by
filling up the avenues of percolation, yet the injury to the country i
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health and loss of enlturable areas thus caused will be great, expense of
mawntenance , snstabalaty of the conal supply which 13 hable at any
great flood tobe wmterrupted and as floods from the lls and rain 1u the
doabs do not always occur at the same time the mnterruption may often
be a serious duaster, and the dificulty of tarnng scatton
for navigatron will be clearly impossible, and when floods are passing
the temporary roads and passages over the diversion works will be block
ed The advantages are economy an conslruction and garn wn supply
due to the springs of the minor streams bewng diverted into the canal and
the power which this cour<e gives the Engineer of first qmckly delivering
the canal supply by means of temporary works which he can agan years
after make permanent or improie on the basis of the hnowledge gained
by observing the force and effects of successive floods

Tt may be here noted that this lattcr course of construction was the
one invanably followed by the Indian Engineers who previous to the
Englishrules carried out many remarkable canal works 1n Northern India
Thetr object was however not usually the command of 2 large area from
theman watershed but rather the irrigation of local tracts or the water
supply to a great city,and they consequently carried the system throughout
anearly the whole length of their cavals

These works were not run continnously for long periods under Indian
rule their being dependent on the will of sovereigns whose
attention was generally more directed to the aggrandisement of their ter
ritories by war, than to the gradual improvements of agricultural eater
prise  'The Eoghsh Government shortly after acquiring the Northern
Provinces of India re-opened some of these canals a8 their first armgation
works and rao regular supphes in them  The aaturation and deteriora
t10n of soil noted as objections to this course of construction soon however
beeame pressing q and slthough the channels have beenn a great
reasure remodelled and many of the evils complained of removed yes 1t
must always be a matter of regret that sufficrent funds and knowledge
were not at first available to have constructed them originally on proper
lines

The damage caused by over-eaturation 18 usually coufined to the clay
sorls and the low valleys of the rivers—it naturally does not occur in the
boulder or shingle tracts— and when the levels suit the canal lme may
with advantage be carried for some distance 1a the latter class of so1l as
the high slope which ean be given will save great expense 1n masonry
falls  The disposal of the cross drawage will require careful manage
ment,  Minor streams cau with advantage be taken into the main channel
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by inlets, to be collectively passed out at convenient points ; but large
torrents should be dealt with in detail, as the danger is always present
of several being in high flood at the same time. Temporary works,
constructed of timber crib-work filled with dry stone, will often be found
most suitable for these adjusted natural channels, uutil at all events
experience has shown the nature and capacity of the permanent works
necessary to ensure continuous supplies. Under no circumstances should
a thoroughly sound and substantial canal head regulator be omitted. This
fitted with an escape into some river of considerable capacity, should be
situated below the crossing of all torrents or heavy cross drainage, with
the intention of effectually preventing floods from entering on the
cultivated and more settled tracts which it is proposed to irrigate.

When it is determined to attain the main watershed by a permanent
line, the examination of the intervening drainage which has to be crossed
must be most minute, and will require a detail chart of levels not more
than 1,000 feet apart covering the whole area between the foot of the hills,
and the main river., In addition to this, the collecting basins of the torrents
rising in the hills should be demarcated and their discharges calculated on
the best data available. This extreme acouracy of estimation may not be
possible for the project, but even for the preliminary line a near guess at
the nature and discharge of the drainage lines is necessary to allow of the
selection of an alignment suitable to the class and dimension of work
required for each particular torrent.

There are five different methods of passing drainage, viz. :—
Aqueducts—taking the canal over the torrent.

Superpassages ,, ,, torremt, , canal,
8yhons w . Under, 1
Inlets w o n into "
Level orossings w » through »

Of all these works aqueducts -are the safest engineering expedients,
but it is not always possible to gain the requisite headway without long
and high embankments, Superpassages afford the only possible means of
dealing with torrents in the fan stage, i.e., when they are carrying hill
detritus in large quantity ; they are, however, very liable to be obliterated
by the deposits, and the crossing of torrents in this stage should ounly be
attempted as a last resource, Before fixing the level of the floor of the
superpassage, the depth of the bed moved by floods should be ascerbfa.lned,
and the levels of the torrent bed above the crossing examined to see if z.my
marked retrogression is in progress or not. If the bed is rapidly cutting
back, or shows signs that this will be a probable result of the proposed

work, it may be taken for granted that the fan will advance in time, and
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the bed level will riso at the site of tho proposed crossing—this wll
1avolve great danger to the canal and expenaive remedies

It will thus be best 1f possible to ero s torrents lower down below the
fan where the drunage has entered on the trough stage, 1n such a position
the superpassage 1s an admirnble anl «afe work requinng few annual
repates and little or no supervision

Syphons are very expensive worhs compared with tho discharge they
can dispose of they have also hitle expansive power and are very hable
tobe choked with floating debris or silt, they however reqaire fow repaws
little supervision and allow of fairly large range of lovel between the canal
and torrent bed nnd are therefore ustful woiks for small drainages with
well known discharges of moderately clean water In large canala
syphons are rarely constructed asdrainages suitable to them can general
1y be taken with safoty into the main eanal, 1n inlets the excess supply
thus carried 1n the canal being again taken off lower down at the nearest
escape. To avord flooding the clls of 1olets should not be lower than
the level of canal full supply The level erossing 19 sinply an inlet and
cutlet and can be used 1 positions where the torrent bed either natural.
ly 13, 0r can safely be adjusted to the samo leve! as the canal bed It
may be thought an easy matter with bigh slopes to allow the torrent to
drop over a waste weir or fall into the canal and aguin to rus the flood
out at the level of the canal bed, but this apparently simple expedient
15 not smited to torrents earrying large quantities of silt as the first two
or three floods would restore the natural slope of the torrent bed thus
blocking and cbliterating the eanal channel

It will be seon from the foregoing remarks that the selection of the

i for the p t channel 15 beset with difficulties 'The

Engineer must steer a mddle course avaiding cloge proximity to the hills
as weoll as the low and swampy khadir land, for a ercmitous route n
moderate digging, 1f carried closo by the foot of the ills will cross the
torrents 1n their most dapngerous stage and be liable to flooding and
1nterruption of communications and will be a worse line than even a long
embaskwment over a wido valley sgain the best line 1n other pomnts may
be impracticable owing to the levels at which 1t erosses the torrents

In the case of & very large canal the difficulties are 1ncreased by the
necessity that exists of keeping the line forrly straight and direct  Sharp
curves with a large supply would require special and expensive protec.
tion and & long hine would 1n any case be very costly Probably the best
procedure 1s to select a good crossing of each torrent separately within
certain lumits, and then to fit 10 the canal line by tentative alterations
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A careful adjustment of the position and height of the masonry fall or
steps for getiing over excessive declivity in the cana) bed, will afterwards
enable the requisite level or headway at the torrent crossings to be
attained,
11. Trough Head works.— For head works starting from a weir in
the sandy bed of a river in the trough stage, the main requisites may he
-briefly described as—jirst, a narrow, straight well-defined river channel
with banks not submerged by the highest floods ; sccondly a canal line
capable of attsining command of the irrigable area, with the necessary

slope by moderate digging ;and t{virdly, the presence near at hand of
sufficient material for counstruction. '

The absence of material such as clay for bricks, stone for building and
lime, timber, etc can be got over by the provision of 2 railway—the ex-
pense of long trausport is, however, a serious item. Inferior sites for the
weir can be improved and rendered safe by training works, but no
expedient will thoroughly correct a radically bad canal channel line if
carried far slong the khadir : it will always be open to attacks from the
river, rendering“a solution of continuity ” possible and most expensive
training works over long distances & necessity ; moreover, the evils of
over-saturation and deterioration of soil will be severcly felt and found i
difficult to cure. If aligned again in deep digging for a great length, the
initial cost of construction will be enormous and repairs heavy, as the
alignment must be more or less straight, the expenditure on the
adjustment of drainage which it cannot curve to avoid will be no light
item. Of the two courses the deep channel is probably the best in the
long run, as it certainly is the safest, and before all Public works, the
irrigating canal, on which depends the agricultural prosperity of vast
tracts, should be rendered safe and secure from accidents likely to interrupt
the permanence of the supply.

The main guide to the selection of the weir site must, therefore, clearly
be the levels of the river cold weather surface compared with those of the
poins ab which irrigation should commence, up to which latter point it is
presumed the watershed alignment has been carried from the tail of the
doabd.

A mere inspection of the map, and rough calculation of slope, will
show the lowest point on the river which making zllowance for the height
of weir, has the required minimum level, and from this point up, the
river should be examined for suitable weir sites, Now it has been
previously noted that the main watershed of the country frequently-lies
quite close to one bank of the river, and if it is from this bank that the

v
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canal 13 bewng projected the difficulties of avording deep cutting will be
much 1ocreased, but as a set-off 1t 13 probable that less P
dranage will require disposal~whatever 13 met be 1t great or small m
quantity must be provided for on the most liberal scale and as the
trough smge of most nvers 13 far removed from the hlls there will be
fow d n g the discharges  Moreover, these
draimages not being 1n any sense torrents can be safely carried by works
less massine snd particnlar 1ndesmgn than those required for anim
petuous flood

‘The search for suitable weir mites must be combined with trial or
rmspection longtudinal sections of the varions proposed alignments joning
the mte with the irrigating point 1o order to test the relative depths of
the y for the ch 1s It must not be assumed that
the shortest l1ne 13 always the best  With the erormous channels required
for large canals the cost of excavation 1ncreases greatly with the depth,
thas 1s not only due to the extra lead and lift but to the necessity of pro
vniding for berms 1o very deep cuts and to the difficulty of disposing of
the vast masses of spol, and 1t may often be advantageous 1n many
ways to select & long line 1n moderate digging with an increase 1 the
actual quentity of earthwork

The examination of the dratnage crosded should be thorough and com
plete including the demarcation of the collecting basiu of each drawmsge
line the level of bed high aod low water marks soils and registered
ranfall, i fact the projector of the alignment should provide the destgner
of the works with all the information necessary for iy calenlations

Lattle more need be smd about the actnal selection of the weir mte A
naturally straight reach 1s a great desideratum for 1t may be taken ns an
axiom that if a river 18 artificially straightened 1n one place it will curve
somewhere elde the correction therefore of an 1nferior site will certainly
lead to expensive training works 1n the future ¥ A paturally permanent
site a3 regards the khadie channel should also be looked for , such sites
exist 1 nearly all rivers on asoount of the varation n soils for a very
shght 1ncrease 1n the power of resisting erosion or some advantageous
disposition of cross section will protect a Jength of channel from change
ma nver subjected to en nnvarying routine of fioods of nearly simiar
maximum 1ntensity

A reconnassanca of the bauk of the river will probably show old absn
doned reaches which may be proSitably utilized to reduce the cost of

* Allowance may be made for the redaction 10 river bed slopes dus to tha 1nterpos hoa
of the weir which will sllow of & cartain arnount of straightemng
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excavation of the main canal, particularly when as so often oceurs, they
nre of considerable antiquity, with their beds high above recent maximum
flood lavel ; this may easily be the case as the beds of all trough rivers are
undergoing slow retrogréssion. A favourable bend of this nature in the
table-land may, if used with discretion, bring the digging of the canal for
the first two or three miles within very,manageable limits, and with perfect
safety to the maintennnce of the works. Such bends are frequently found
ahove and below stable reaches of the river, with a projecting bluff
intervening—indeed such a disposition of the table-land may be taken as
a fair indication of a stable site.

The alignment will be a good one if the canal tends away from the
existing river at a right or very obtuse angle, and if the table-land has
a gentle slope to the valley. If the canal rums for any distance nearly
parallel to the river with an abrupt table-land, there will always be con-
siderable danger of the river cutting it away,

12. Reservoir Dams.~Resorvoir dams cannot be constructed with
safety in either the trough or boulder reaches of a river. In the trough
stage the cost of the protection below a high dam would be excessive,
and the reservoir itself would in time become a pestilential swamp—
the harbour of wild animals aud the ruin of the surrounding country.
Some of the most naturally favoured districts of North-West India
were in times long past thus depopulated under Indian rule by the
indiscriminate damming up of the rivers, and it has taken years of
painstaking expenditure to even partially restore them to their original
healthy condition, -

In the boulder stage the cost of the works would be less, but owing to
the high slopo of the country, except where the contours were extreme-
1y favourable, the quantity of water which could be ponded up by a dam
of reasonable dimensions would be very small, and what there was would
be rapidly absorbed by the porous subsoil. l

There are, however, many parts of India where such dams can be
constructed with both ease and great advautage to the prosperity and even
health of the country ; but as a general rule, such works are found so
expensive to construct and maintain, compared with the dix:ect profite
derivable from them, that they must be considered either luxuries, or.on.ly
built when without them the cultivating population could not remain in
their holdings.

The most suitable couatry for reservoir dams is one cut up by l.ow
rocky hills, with intervening valleys ; the gorges be.t.vieen thfa hills .beu:tg
olosed, the valley becomes a natural reservior, and if the drainage line Is
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followed up step by step through suceessive gorges, a large supply of
water can be nceumulated to be drawn off as required,  In many parts of
India under Indian rule magmficent worhs of this nature were con

structed, many of which remain to this day, others dismantled and
breached await that prosperous period of the British rule which will
allow of public funds being expended on works not directly remunerative

A few of the most favourable have been repaired and some new works
constructed tn recent years notably the protective canals in Bundelkband
and Mirzapur 1n the Unmited Provinces

Reservotr dams are only uscful 1n tracts where the ramnfall 1s scanty
and 1nsufficient for cultivavion  The dams should only be of suffictent
beight to mamtain a moderate depth 1n the reservoirs and as the country,
from 1ts contour must have excellent natural drainage no evils from
over saturation need be dreaded  Indeed in many of the reservoirs now
existing the cultivators are well nough sattsfied if the rainfall 18 suff
cient to allow of their cultivating the bed of the very reservorr 1tself
after the ponded up water has irrigated a small ares below 1t

Channels from these reservoirs nre advantageous only when the
volume 1npouded 13 large,, when the quantity of water 1s small 1t would
appear more economical to draw off the supply by wells through the
subsol

The selection of sites for reservorr dams 15 a simple enough matter,
m all cases rock of good gquality close st haud 15 a necesmty, for 1t
would be 1mpossible to economically carry for any distances the large
mass of meterial requred when the feeding dranage 15 expected to
deliver a large supply m the rams The foundations should also be
selected 1n rock and as the hydraulic pressure on a high dam will be
conmderable, density and freedom from fissures an the natural bed are
essential  For very large flood discharges wide sites are preferable to
narrow gorges, n order that the depth of water passing over the waste
wewrs may be kept low Asnoted above a series of moderately high
weirs will generally be found more satisfactory than one very lofty
work for the floods wn tracts of Tagh slope bewng usually of short dura
tion, a succession of weservoirs wll act as governors of the discharge
reducing 18 intensuly

Flaonk embankments are dangerous adjuncts to reservorr dams, a aite
not possessing naturally high flanks and liable to allow the dam to be

turned should therefore be rejected even though other
respects
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Reservoir daros of considerable height have been nsed as the head
works of perennial eauals whea the river supply was liable to fail in ke
hot dry season of the year. The reservo of water is no doubt uzeful, it
may almoct be said indispensable ; but the cost of gaining and maintain.
ing such a reserve is very great, and can only be undertaken in special
cases.  Such dams have, however, the advantage in ap engineeriog sense
of acting as regulators on the severity of floods,

13. General observations necessary for all sites.—The following
observations should be made for all head work sites, viz—

Special susvey, on a scale of 12 inches to the mile, showing in the
minutest detail, the topugraphical features of the sites, with numerous
levels to indicate the elevations

Special cross section of the actual weir site, showing depths at every
10 feet or less, nud the nature of the subsoil. with saturation, cold
weather nud flood levels. The borings to determive the nature of the
subsoil should be continued for some distance above and below the actual
site sclected for the weir the results being indicated on the special
survey.

Water gauges should be established at or near the actual weir site
on the river bank, and at a certsin fixed distance above and below, say
500 to 1,000 feet; the readings of these gauges require daily record at
fixed hours, besides which they should be specially resd on the occurrence
of floods. The upper and lower gauges will give the falls in water
surface, data pecessary for the calculation of discharges. )

It is convenient to plot the readings on section psaper as & disgram, so
as to show graphically the variations in water surface level, and on the
same sheet with advantage may be shown the mean daily rainfall of the

-

collecting ares of the river. )
Rain gouges are required at a few selected points in the collecting

basin of the river. )

Discharges showing the maximum snd minimum volume passed by
the river are most necessary —the latter to limit the capacity of the cansl,
and the former to determine the magnitude of the head works. It is
much more difficult to determine the lower discharge ever passed by a
river than the highest. The destruction caused by grest floods lives
in the memories of the inhabitants, while unless the supply bas been
previously used for irrigation or industrial purposes, an abnormal{y low
discharge would probably not be considered of much moment, nor mthfmt
gauges would it be easy for an uascientific observer to mark the reduction

in rivers with beds subject to constant change.
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Reservoir dams of considerable height have been used as the head
works of perenninl canals whea the river supply was liable to fail in the
hot dry season of the year. The reserve of water is no doubt useful, it
mey almost be said indispensable ; but the cost of gaining and maintain.
ing such a reserve is very great, and can only be undertaken in special
cases.  Buch dams have, however, the ndvantage in an engineoring sense
of acting as regulators on the severity of floods,

13. General observations necessary for all sites.—The following
observations should be made for all head work sites, viz.—

Special survey, on uscale of 1?2 inches to the mile, showing in the
minutest detail, the topographical features of the sites, with numerous
levels to indicate tho elevations.

Special cross section of the actual weir site, showing depths at every
10 feet or less, and the nature of the subsoil, with saturation, cold
weather and flood levels. The borings to determiue the nature of the
subsoil should be continued for some distance above and below the actual
site selected for the weir the results being indicated on the speciel
survey.

Water gauges should be established at or near the actual weir site
on the river bank, and at a certain fixed distance above and below, say
500 to 1,000 feet; the readings of these gauges require daily record at
fixed hours, besides which they should be specially read on the occurrence
of floods. The upper and lower gauges will give the falls in water
surface, data necessary for the calculation of discharges. )

It is convenient to plot the readings on section paper as a disgram, so
as to show graphically the variations in water surface level, and on the
same sheet with advantage may be shown the mean daily rainfall of the

collecting area of the river. _
Rain gauges are required at a few selected points in the collecting

basin of the river, ‘

Discharges showing the maximum and minimum volume passed by
the river are most necessary —the latter to limit the capacity of the canal,
and the former to determine the magnitude of the head works. It is
much more dificult to determine the lower discharge ever passed by a
river than the highest. The destruction caused by great floods lives
in the memories of the inhabitants, while unless the supply has been
previously used for irrigation or industrial purposes, an abnormal%y low
discharge would probably not be considered of much moment, nor \Vlth?ub
gauges would it be eesy for an unscientific observer to mark the reduction

in rivers with beds subject to constant change.
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CHAPTER V.,

e

CHOANNELS.

1. Longitudinal Sections.—On the completion of field work the
surveys and plans should be carefully examined and registered, and all
defects and omissions being made good, the plotting of longitudinal see-
tions of proposed channels can be proceceded with. If the distributaries
have not previously been named, this should now be done; channels are
usually designated after large towns near which they pass : it is, however,
judicious to select names easily remembered and of few syllables.

The smallest scale on which the readings of the permanent lines at’
every 100 feet can be clearly entered on working sections is 8 inches to the
mile horizontal, and one inch to 10 feet vertical. Cross sections are rarvely
required except for the main canal in very sidelong ground, or in other
special situations; where necessary they are best plotted on a natural
scale, i.e., equal for vertical and horizontal measurements.

Longitydinal sections can be plotted on mounted paper 12 inches wide,
which can be procured in rolls of any length: a separate roll is required for
each ¢hannel, with the name of channel and register number printed out-
side as well as inside on both ends—a type form of section is given in
Plate V. This shows all the information required for construction for
earthwork caleulation, and for the width of permanent land. The positions
and register numbers of works, outlets and the discharges of the channel
at different poiuts are also given.

2. Lowslopes.—The inclination to be given to the channel depends
on its proposed discharge, the soil, and the natural slope of the country.
In many parts of India the fall of the ground surface is very slight, as low
as 4 to 6 inches per mile. Itis essential to keep the level of the water
in the channel at or near the ground surface, and as the velocity given by
such low falls is scarcely sufficient to keep any earthen channel free from
silt deposits or weeds, it is evident that in very flat doabs the slope of
the ground surface determines and limits the inclination of the bed of the
channel ; in such cases the depih of the supply should be made as great
as possible, in order to obtain the highest available velocity.*

3,” Lined channels.—Up to the present, except just under the hills,
chanaels lined with masonry or conerete have not been extensively used in

%

#S¢e also Punjab Irrigation Branch paper No. 7.
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India for the conveyance of canal water 1t 1s probable that their mntrodue-
tion on & lazge scale will shortly follow the steadily increasing demand for
economy in distribition but as far as concerns evisting practice, 1t 15 only
necessary to consider the ease of earthen channels 1n fair working order,

4 Discharge at cifferent points —The best and most economical
section for an earthen channel1s now admitted to bea flat trapezod,
and s the veloaty of discharge tncreases rapidly with the depth and
amount of discharge, an nclimation smtable to an average disinbutary
discharging suy 100 cusecs with n dupth of 4 feet, would cause disastrous
eroston of the bed of a large canal with 8,000 cubic feet discharge and o
depth of 9 feet. If the inclination of bed 10 both cases was 0°3 fool, per
1,000, the velocities would be 1+9 feet per second for the distributary,
against 4*2 m the canal 1t 19, therefore, clearly necessary to determme
the quantiies of water reguired ab each pownt before laying down the
channel slopes,

§ Ordinary soils —The soils of Northern India vary greatly i their
capacily for resistance to erosion by moving water Near the foot of the
ills the soil 15 formed of boulders mixed with gravel and sand, which
lower down the doabs gradunlly merges into alluvium composed of all
classes of depomt from compact clay to coarseswnd, formations of nodular
and compact limestone (kankar) are also met with, and 1 some parts a
peculiar black deposit, supposed to be decomposed voleanic ash, called
locally mar and kabar.

6 Velocities suitable to ordinary soils —A list of the mean veloa
ties commonly accepted a8 adapted to different classes of soilsis piven
below  In practice 2 ugher velocity may be given with safety to a sraall
channel, for not only has a small body of water less scouring power than
a large one, but 1n the former case, the remedies to excessive slope are
mexpensive and the channel of & small distmibutary being often dry
acquires a coating of grass on the silt which nereases 1ts capacity to
resist erosin

Class of sail, Mean veloarty whieh will not causa erosion,

Targe boulders 20 to 25 feet per second 1n viver beds
Small 8 {o 1

Singls, St T 5 » o+ it without'muoh sand
Nodular kankar 5t010 o , , » sccording to compactness
Compact clay 4to 5 I

Loam . 251085 5 5 9 »

Coarsagand ___ . 151020 , 5

Fine s20d o 1815y 4 . o»

Mar, kabar e 18008 s w s m



60 CHAPTER V.,

7, Mgr 80il.—Mar and kabar soil are hard like clay; when dry they
form layers 2 to § feet thick overlying ordinary culturable or gravelly
goil, and their contraction when drying after the rains is so great as to
cause fissures several inches in wid't;h aid of great length and depth.
Indeed the surface of a mar tract is often so reticulated with eracks in
the dry season as to reuder riding over it a matter of considerable diff-
culty. When wet, mar soil becomes so soft and spongy that even
walking on it on foot is almost impracticable, Mar and kabar soils are
consequently unsuited for canal coustruction, and there is also some
doubt as to their fitness for irrigation. The results of the Betwa Canal,
recently coustructed in Bundelkhand, which has channels passing through
these soils, must therefore be looked for with interest. If the great
difficulties convected with the maintenance of the ‘distributary
banks, and the distribution of water can be overcome, the profits to the
agriculturists should be great, as these soils are marvellously fertile ;
the demand for water for such soils will, however, always be fluctuating,
as when the fall in the rainy season is up to the average, no further
watering is required to bring the rabi, the principal crop grown upon
them, to maturity. Indeed in such years, cold weather rain, the salva-
tion of crops in other soils, is frequently considered a positive injury to
mar wheat. The thickness of the mar stratum being often slight‘,,l it has
been found in practice somefimes economical to remove it and make the
channel out of the underlying soil,*

8. Ordinary safe velocity.—As far as distributaries are concerned,
sandy soils, as before remarked, ought to be avoided as unsuitable for
irrigation, angi the certain cause of loss of water by percolation. Kankar
and clay strata will rarely be met with continuous for a long distance,
and it will, therefore, be generally safe to accept the slope givinga 2'5
to 3 feet per second velocity. When the ground surface fall is sufficiens,
excess slope in the ground surface can be disposed of in masonry falls,

. 9. Disturbing influences.—It should be distinctly understood that
the ultimate velocity in the distributary will be that corresponding to the
_surface inclination of the supply, and that the results of the slope given

s Nore,~Sugareane and rice were tried in mar soil and have given fairly satisfactory
resalte and the aress under these crops are increasing, By keeping distribularies
ropning during the raing, the banks are kept moist and so fissures are avoided and silt
linings for the channels obtained, helping to make them more watertight

The Betwa Canal and the more recent Ken and Dhasan Canals have amply proved
their usefulness as protective works ;: with an extension of area under sugarcane and
rice they may eventually earn sufficient revenus to cover interest charges on the capital

expenditure,
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to the bed may be greatly modified by other works—the effects of the
withdrawal of water for 1rrgation of silt and weeds

10 Silt deposits —Tt 13 difficult, 1f not 1mpossible, to say what velo
city 13 sufficient to prevent silt deposits or the growth of weeds As
a rule weeds owing to want of light, will not grow in smliladen water,
and as the quantity of silt carried by the supply varies with the niver
from which the eanal 15 taken, the season of the year, and the veloaity of
the man canal iself, 1t 1s clear that no given slope switable to ordinary:
so1l and the obligations of distribution will meet all the required condi-
tions  On the older canals the velocities 10 the main channels consider.
ably exceeded those of the branches, and as water moving ata high
velocity can carry more silt than water travelling slowly, a deposit was
thrown down at the heads and 1n the upper reaches of the distributaries
The minor heads, moreover, hemg generally taken ontat right angles
to the major, caused an additional check to the current which probably
mcreased the deposits  The frequent removals of this silt to restore the
original alope resulted m high mounds of sand along the banks, and
necesaitated bath heavy d and nvenient cl It was
eventually found after close observation that the redeposition of the
silt, followed the clearances very quickly, after which the chanmel
appeared to attain a regimen of 1ts own, and hittle or no more st was
deposited, the discharge bemng only shghtly reduced, owing to the
increase 1o veloaity, consequent on the increase i slope caused by the
deposty It 13 not quite clear why the mlt deposw did not continue lower
down the distnibutary whére the orignal slopes remamed unchanged
The most probable explanation is that mltladen water 13 pecnbiarly
susceptible to & sudden change m velocity, and this view s supported by
the results of observations on river shoals

The inclination finally grven to the beds of these old distrbutaries was
one with a rapid fall near, the heads gradually merging 1nto thetr original
slopes, and at the same time the velocittes 1n the main canal were reduced
by raising existing falls, building new ones, and fiing bars across the
bed. This also gave the inerease 10 lovel necessary to restore the original
supply to the raised distributary beady—the results of this procedure were
satisfactory, and should be borne 10 mund when dealing with simlar cases
1n new projects.

‘Where there 15 no sudden change in velocity, and the amsant of mlt
carried 13 not excessive 25 to 3 feet per second 1s generalty suffictent to
prevent deposit, and also the growth to any mjurians extent of mosy of
the weeds common to warm chimates,
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11. Notched Falls,—Of
.. ~—U1 course wh i
distributary or canal should be the aet:alezlf ossﬂ;le the slope izhosen for a
but for many reasons this is not of - pe 0 the‘country it traverses,
would be too great, and it is but e’;‘dPOBSlble;somemmes the actual slope
? 8 but seldom i .
happens that a canal. is usually divided g} sufficiently regular. Thus it
each of which the channel secgo Vi ; Imt;o reaches or lengths throughout

) n and slope a <
the discharge from one reach to the next tfkinre i:gstanb, the passage of
of which the height of the water lavel relativelg 5) thee::. a le.l by means
is kept within convenient limits. ouncing country

Th i 5 : .
of diﬂ:cll)xrlgper dzslg}? of these falls is atfended with a certrin amount
b i 1}', and the correct .form of fall is known as a notched fall,

n? ]f i“dt)’ me;’a”lY arises In ﬂ.le following manner, though it is
complicated by urther considerations, The discharge of the eanal isa
v.a.rmb]e quantity depending upon the amount of water required at the
time; thus dtl.ze depth of water il.] the reach above any given fall is not
constant, an if the {all be just a simple weir able to pass the discharge
corresponding to a given depth in the upper reach, then it will be found
that {?r o.ther values of the depth in the upper reach the discharge over
tl}e weir with the new value of the depth will no longer be the actual
discharge of the upper reach, but will be either too great or too small, and
consequently the surface ?f the water Just above the fall will either slope
down or .slope up, 50 causing the discharge over the weir to equal the
actual d.xscharge of the upper reach, Now it is of imporsance to avoid
this variable sloping of the water surface, because, in addition to injurious
effects upon the channel bed, it alters the heads at the off-takes of the
distributaries, which are usually situated in the immediate up-stream
neighbourhoed of a fall, and thus canses undesirable fluctuations in the
values of their discharges.

It is impossible here to enter fuily into the theory of the design of
notched falls, but we will indicate the general prineiples upon which
such design is carried out. For further details the students should refer
to the note on Notched Falls by A. G. Reid, Esq., Punjab Irrigation
Branch Papers, No. 2, issued by the Punjab Gevernment.

Supposing for the moment that the problem was merely the determin-
the form of notch required to pass every discharge of the upper
reach with the depth corresponding to that discharge, it would be found
that the form required was curvilinear and consequently somewhat un-
suitable for masonry construction. The theoretically true form can, how-
g very approximately represented by & trapezium, and it is the

ation of

ever, b



CHANNELS 63

form of this trapezium which 13 required 1n practical appheations of the
problem

To determine this trapezium 10 any given case we require to find two
unhnown quantities, the hase width and the inchnation of the sides, and
theso two quantities aro obtaned 1n the following way The “general
equation for the discharge through a trapezoidal notch contans both *
these quantities—this equation 1s used twice over, bewng written down
for two distinet values of the depth and the corresponding discharges,
thus giving two 1ndependent equations for the two unknown quantities
The noteh 8o calculated gives of course only approximately true results
for other values of the depth than the two particular values chosen, and
thus 1n practice 1t causes for these other values a certain amount of raising
up or lowering down of the water level In these caces, however, mith
two properly chosen depths for calculation, the amount of this deviation
from strict aceuracy can be made inappreciably small within the
working range of discharges

In the case of the nctual problem ansing in practice, the following
points should be noticed —

(2) The actual discbarge to be passed over any fall 1s the amount
required down stream of 1t

(b) Any paruicular value of this discharge may have to be passed
with different values of the depth 1o the upstream reach,
smee 1t may be required whan all the up strewm off takes are
open, or when they are all closed, or 1n any ntermediate
case

(¢) Thus 10 the practical problem though 1t 13 possible to at once
choose the values of the discharges to be used for ealeulation,
yet the depths 1n the up stream reach corresponding to these
discharges are withig certain himits indeterminate,

(d) At the same time the depths in the lower reach 1n the neigh-
bourhood of the fall are quite determinate, and supposing
ya and 9o to be the depths corresponding to the greatest and
least discharges ever required here then the two values to be
cuployed 1n the formula for ealeulation are those values of
the depth 10 the upstream reach which correspond to the
depths ¥’ and y” 10 the lower reach,

Y’ being equal to yo - § (Ya—y.)
and 9" bewng equal to go - § (yn—~g0)

(¢) The depths 1n the upper reach corresponding to g’ and y” i
the lower are strictly speaking mdeterminate fox the reason
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given in (b), and it is-only possible to ascertain certain limits
within which each must lie. Since, however, some definite
value of the depth in the upper reach is required for substi-
tution in the formula of discharge through the notch whose
dimensions are to be calculated, it is necessary. to choose -
arbitrarily some such value lying between the limits of the
actual value,

(f) Take yn the full supply depth in the lower reach and find the
limits of the corresponding depth in the upper reach, then
carefully consider the circumstances attending the discharge
in the upper reach (e.g.,"the number of off-takes in the reach,
the average volume likely to be drawn off by them, and its
ratio to the total volume discharge through the reach), and
choose the value dw which seems the most probable value of

the upper reach depth in times of full supply to the lower

dmy’ dmy”
reach. Then caleulate &’ = ¥ and d” = Y and use
ym ym

these values of the depth for substitution in the formula of
discharge through the notch.

% (g) The usual formula for discharge through a trapezoidal notch
with clear overfall and no velocity of approach, is
Q =5385¢ (44 nd) ds
where [ is the base width and m the side slope.
Substituting in this the values d’ and d” with their corresponding
discharges Q' and Q", we have two equations for the determination of

{ and n.

The quantities and n, as found above, fix the profile of the no.tch, but
from an engineering point of view there still remain several details to be
considered before the design is complete, e.g., the thickness of .th(? noteh
walls, the height to which they should be carried, ete. .ThIS‘IS best
illustrated by the diagram of a notched fall in Plals VI, which shows one
of the latest forms of notch in use on large distributaries,

Fig. 1 gives the plan of the fall, AB is the horizontal' trace of the
vertical plane in which the calculated profile of the notch lies, CD that
of the upstream face of the notch wall, and EF that of the down-stream
The thickness from CD to AB is rather more than double that

F to AB, and this latter varies from about 6 inches in small
The circular arcs IJ and GJ’ on the

face,

from E '
notches to 18 inches in large ones,
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downsstream side are ares of 45°, those on the up stream side are of about
the same amount, but of only one quarter the radius, the remaming
portion KL of the up-stream face bemg a plane mclined to the vertical
and also sloping back from CD KL 13 the honzoutal trace of this plane
and makes na angle of about 45° with CD bemg s tangent to the small
crreular are KJ,

QHI 15 called the hip of the fall, 1t 18 sem: circular, and 13 supported
from benesth in the manner shown in the elevation which represents
half the notch from the up stream mde and balf from the down stream
aide

The height & of the notch should be that of the estimated full supply
depth a depth which may of course occastonally be exceeded by thoactual
water depth  The height b of the mde walls ehould be such as will
ensure them agaiast being topped when the estunated full supply depth 1s
unavoudably exceeded.

It might be noted that a notch 15 technically deseribed as “foo looss”
when 1t causes the water level to drop on approaching the notch, and as
400 taght” when the water level rises, A loose notch has the effect
of mereasing the velocity of approach of the water, and so causing a
scouring action along the bed of the channel 1mmediately above the fall
A tight notch on the other hand dimnishes the velocity of approach, and
this tends to produce silting on the channelbed In distributaries or
small canals, when the range of variation of supply 1s not great, neither
of these actions will be sufficiently strong to do any damage, but m
channels carrying large supplies (300 ousecs or over), and where the
range of varation 18 correspondingly great, either action may cause
considerable damage, unless provision be made to preventit On ths
account 1t seems doubtful whether fotched falls give reslly satisfactory
results mthe case of large supplies, and 1n this case 1t 15 almost always
necessary to make provision for the rasing or lowering of the notch aill,
by placing sleepers horizontally across the bottom of the notch 1a two
grooves prepared for them 1n the mde walls Thess sleepers may then
be pulled up when 1t 13 necessary to lower the notch cill, 1e. when the

notch becomes too tight, while others may be placed on top of them when
1% 19 too Jooge

This, of course, necessitates a continual watch bemg kept on the water

level, which 19 8 disad ge, and juently a simple notched fall 15
always preferable when possible
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For practical examples of the design of these falls and for the case of
notches with incomplete falls the student should refer to the pamphlet
quoted above,*- _ )

12. Bed slopes for Main Canals.-—The following table shows the
mean velocities in the upper reaches of some Indian Canals in the United
Provinces and the Punjab : —

* NoTE —I do not accept the definite general statement that the correct form for falls
ig that known as a notched fall. If we presume that (i) supplies in all channels mustof
necessity vary largely in volume and (ii) it is essentizl to have normal surface slopes
for dll volumes, then and then onmly, will the notched fall be the best theoretical typa,
The question is discussod under the design of falls in the chapter on works, @, T. A.
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The original slope designed for the Ganges Canal in its upper reaches
below the torrent works was 15 feet per mile ; this was reduced in the
modified design Yo 1'25, which caused extensive erosion of bed and dam.-
age to works—the present water surface slope may be taken as 075 in
the upper reaches. T

18. Varying results of clay and sand deposits.—The slope given
to the Lower Ganges Canal main line 0-5833 foot per mile : this was
the maximum iclination economically available, and it 85 005 found
sufficient to effectually prevent the deposition of silt or the growth of
weeds. With the section as designed on the Agra Canal the low slope,
0-45 foot per mile, has neither caused serious deposition of silt, nor the
growtli of weeds. This seeming contradiction* o the TesultEof the slope
of the Lower Ganges Canal may be explained,} partly by the fact that
large borrow pits, to provide earth for the embankments of. the latter
canal, were dug in the bed, which appear to have acted as efficient nur.
series for weeds, and partly by the great differences in the quality of the
silt carried by the Jumma (which feeds the Agra Canal) and the Ganges
rivers. The silt of the Jumna is largely composed of a finely divided clay,
which, though very fertile when onece thrown down, is yet only slowly
deposited, except in practically still water, The Ganges silt on the con-
trary is mainly coarse sand which is quickly depogited even in running
water, This quick deposition of silt also tends to increase the growth
of weeds which, as hefore noted, do not thrive in discoloured water :
thus, on the Agra Canal, the main line is free from weeds, which grow
freely in still water and distributary channels where the supply is clear;
and the great luxuriance of the weeds in the Agra distributaries, com-
pared with the Lower Ganges distributaries, is undoubtedly d.ue to the
superior fertility of the Jumna water. From the above it will be seen
that the character of the river water should largely influence the decision
of the proper inclination to be given tothe bed of the canal and dis-

tributaries.

14, Velocity not constant with fixed slope.—Whatever slope is
ultimately fixed, the resulting velocity will not remain constant in an

# The ordinary depth of sppply in the Agra Canal is 2 to 8 higher than that of the Lower

Ganges.
4 The weeds have disappeared to a great extent from the Lower Ganges Canal since the

bed was narrowed, thus increasing the depth.
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open channel, for the depth and quantity of supply are always liable to
change 10 accordance with the sudden vanations i supply and demand
to which Tadian canals are o hiable nor will the effects of the same
veloeity be constant at all seasons of the year, for the supply, heavily laden
with silt, which enters the canal during the times when the feeding river
1s 1n flood has not the same scouring power on the bed of the channel as
the clear water passed 1n during the cold weather  That this 1s the caso
15 abundantly evident from a consideration of the changes which the beds
of the great rivers undergo after the floods, when the clear supply with
a low velocity wnvariably deepens the cold weather channel and removes
silt deposited during the floods  Thus action should not be confused with
the extraordinaty holes so often formed duning great floods which are
always dus to whirlpools or local scour caused by obtructions, and not
10 the mean velocity of the flood cuerent Agawn on the Ganges Canal
the holes m the bed caused by eroston before the veloaity was reduced,
are more or less filled up with silt by the supply passed down during the
rains  winle 10 the cold weather the clear supply which enters the head

by gridually piching up this sand again becomes silt laden long before 1t
reaches the tail of the canal

15 Regulators advantageous —The evils consequent on the above

d changes 1 the cond of the supply, will be felt most 1n the

mamn eanal, above the pownt where 1t separates ato branches 1 which
Iatter 1t 15 possible to counteract them by judicious regulation and this
length may with advantage be provided with regulators spaced apart ag
dutences suffictent to allow of the surface slope bewng altered by the
ntroduction or removal of planks to swit the changes mn quantity and
quality of the supply, All masomy falls necessitated by excess el
nwion of the natural ground level, can also be utihzed as regulators
by having properly adapted rawsed crests *  Thus 1t will be posstble to
gve the canal bed a slope sufficient to cause the maximum safe velo
oity with the average supply running and by the provision of these
mtermediate regulating artangements to reduce the veloaty for the
maxunum supply This procedure 15 also economical as a rapid veloeity
requires a smaller area of channel for a given supply, and 1t too small a
tlope 1s given n the first 1nstance, the remedies to 1t will be most expensive,

® Notched f1lls not nearly so su table G T A,
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It is not necessary to incur heavy expenditure on such regulators;*
narrow piers resting on a floor, pitched above and below, with a boat bay
on one side, will be found amply sufficient, and even on navigable lines
the necessity of Jocks will be but rarel y felt if the fall over each work is
kept at one foot or under,

16. High slopes sometimes permissible.— When the upper reaches
of the canal pass through boulder or shingle soils much higher slopes and
velocities can be given with advantnge. Thus the Ganges Canal supply
channel, in the boulders above the canal head, proper, was excavated an &
slope of 24 feet to the mile, and parts of the Eastern Jumna Canul near
the hills have even higher slopes, The Ganges, Eastern and Western
Jutuna Cunals take out from the boulder beds of these rivers where they
debouch from the Siwalik hills, and in this respect differ widely from the
Lower Ganges and Agra Canals, which are fed hy means of weirs founded
in the sandy beds of the same rivers,

17. Importance of Soil Sections. —Before Goally leaving the question
of inclination of bed, it is necessary to draw attention to the great impor-
tance of soil sections, Whea the upper part of the Ganges Canal was being
dug, it was found that the superposed clay soil, supposed to be of con-
siderable deptl, was only 8 to 10 feot thick, and that it overlaid pure
sand, which would have formed tho bed of the canal channel. If the
original scction had been procceded with, this discovery would have
necessitated expensive alterations in the works. .

Soil scctions at frequent intervals should therefore be made along the
line of main canal, to beyond the estimated depth of bed, from which a
geological section, showing also the height of subsoil water, can be
propared, and plotted on a suitable scale ; this necessary information can
be readily acquired by sinking pits or boring. When time and funds are

* Rogulators apnoed 5 to 8 miles apart will be cfcstunt for ordinary slopes. The effeat of
r
the obstruction is given by Dupui's formuls, viz, ordinary log y==ordinary log YT

Neow surface € ---°--“"“‘81L,_,_.~—-~
Original surface c oy
Horizontal line M’
AB tho rise at any point A=Y, D
H

CE » » » s E=y. Thoe distance from A to D=8,

CD the surface slopo in distance S=r
=mean dopth in distance 8,
Eramplo.~Canal with surface slope of 0-74 per mile and depth=8 :eot‘. Sleopers
causing a rise of one foot are put in at A. To find rise in water surface level 5 miles above—

0.74 X 6 e o
Log y=log 1:0 —g7755=000000 — 0:60065=1:39935,

thorefore y=0-2508, and surface slope has bheen redaoed from 0-74 per mile to 0-5902,
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available, similar information should be collected for the larger branches,
the cost will be well 1epard

18 Calculation of Discharges —No reference has been made regard-
g the formula for calenlation of discharges in channels The Tables® by
Jackson, founded on Kutter’s formula, and other well known publica
tions 4 meet all requirements 1n this respect

19 Position of bed hine on Canals —As regards the relative pos-
tions of the water and ground surface, 1t 15 best to heep the mamn canal
well m digging with the water suifaco not above ground level
This of course, owing to breaks in the watershed, aud the inevitable 1rre-
gularities of the ground surface, 13 not alwnys, possible without entailing
an mjurious loss of head but overy effort should be made to avord em-
baokments which are expensive, hable to cwuse percolation, and necessitate
extensive borrow pits often the cause of swamps,

20 Distinction between a Canal and a Distributary,—In general
the distinction between a canal and a distributary 1 at present founded
on the discharge thus evéry chiannel discharging at its head 200 cusees
or more 1s onsidered a canal, when not more than 200 or less than 10
cusees 1t 18 clusified 83 2 major distibutary, and when the discharge 18
Yess than 10 cusecs the channel s classed as a minor. The term mnor 1s,
however, only apphed to such channels as are taken off from majors as
distmbutaries, and 15 not applieabls to the tail portion of & major, even
though its volume may fall below the preseribed limit of 10 cusees It
15, however, probable that 1n the future assoon as mmprovements now 1n
progress are completed, channels from which there 13 no 1rrgation direct
to the fields, mll be classed as canals, and all others as major and mmor
distributaries, and this simple distinetion 13 here adopted

2t Pomtion of bed hne on distributaries —Attention hag here
been called to the distinction between canals and distributanes, as the
main diffe in their eng! ng t consists 1n the locating
of the bed line, which on distributaries ought to the fixed so that the
water surface may be kept at, of just above the general level of the ground
surface, Tis 15 generally possible owing to the maener in which such
small channels can be kept closely to the watershed line, and to their

small discharges mexpensive works allowing of a greater latitude n the
selection of approprate slopes  Some authorities consider it advisable to

% Cansland Culvert Tables by L DA Jackson, amice—W, H Allen & Co,
London
+ Discharge Chard by Gaptan Chbborn, 1 8.0 —College Book Depot, Roorkee
Also Kennedy's diagrams and Clarretts’ diagrams
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keep tho water surface a little below the ground surface, in order that
the village water-courses may be in digging near the distributary. This
practice is suitable where the soil is bad and where the watershed side
slopes are steep, as it prevents waste, and the supply quickly rises high
enough for flow irrigation, but it ia unneccssary with good soil and pro-
perly designed water-course channels,

22. Embankments on distributaries.- It is not always possible to
uvoid embankments even on distributaries, and occasionally & high level
line may be preferable to a long detowr, a passage through high sand, or
a debarred tract. Befora deciding such cases, the chances of obtaining
suflicient supplies of good puddle clay within a reasonable distance ought
to be enquired into, and the nature of the soils traversed should receive
eareful considerations, as there are extraordinary differences in the powers
of absorption of different soils, The best idea of their capacities in, this
respect will be obtained by noting the effects of the rainfall. A relative-
ly high sub-soil contour early in the rains may indeed be accepted
as an infallible sign of a porous soil : it may, however, be noted that
water-tight channels can be constructed in pure sand by using puddle
linings, and protecting the banks and slopes with thin coverings of
good soil.

It does not by any means follow that in all cases percolation is greater
from embankments than cutting, when as often is the case, the upper
surface soil is loam and the lower sandy, the cutting will naturally per-
colate most, In well madehanks the soil being thoroughly broken up and
consolidated does not present the natural strate and fissures of the cutting
which undouhtedly tend to leap the water to the subsoil.

23. Dimensions of channels,—The depths of canals usually vary
between 12 and 5 feet and of distributaries between_ 6, feet_and 1 foot,
the cross section being a flat trapezoid with side slopes_1 to J for ordi-
nary soils. There is no fixed proportion of bed width to depth, but very
wide shallow sections are to beavoided,* as liable to weed growth, difficult
to maintain and expensive to make. On main canals the proportion will
depend on the nature of the sub-soil, the works, and the demands for

navigation (if included in the design).

® (On this question Punjab Irrigation Branch Papar, No, 7, may be read with advan-
tage, but it must be remembered that weed growth in s distributary is often more objec.

tionable than silting up,
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24, Distributary cross sections,—For distributaries the proportions
here given, though not by any means a fixed rule, will be fouad suitable
for ordinary soils

D==Depth.

Bed width=DxX2.

Height of banks above water surface:%r bab never less than
1 foot.

Top width of banks==bed width, but never less than 3 feet,

Asa rule, for dittributaries running with a general direction North
and South, the East bank shonld be selected for the bridle path to aveid
the reflection from the sun shining on the water.

Inner side slopes usually 1 to 1.
Outer ,, w w1} to1,but this depends on soil,
Unexcavated berm outside banks=D,

As above noted, the channel is usually constructed withinternalslopes
of 1 to 1, but thesa in time, by the action of the running water, are hol-
Jowed at the base and accumulate silt at the water surfass, the nltimste
slopes closely approximating } to 1 (ses thick lines on sketch. Fig. 41,
Plate IV). After a distibutary has been running some time the wetted
perimeter becomes covared with a more or less water-tight lining of fine
olay, which it is important to preserve as far as possible ; and aa the § to
1 section appears the natural one, it is well to accept it s final, aad to
design the masonry profile® on § to 1 slope, taking care to increase the
bed width 80 as not to reduce the water section It need hardly be men-
tioned that the banks would not stiod at the } to 1 slops when first
constructed before the soil was consolidated by the action of water and
the silt lining,

Some designers have considered this silt liniug snd the naturally
deposited berm efficacious enough to warrant the banks being thrown back
several feet 50 as to allow for the deposits of & berm 2 or 3 feet wide,
Eapetients nd, ttwyver, shown Yy, wxovps with dmviootaries wrrying
large quantity of silt in suspension, the deposit is too slow to counter-
balance the evils of » obannel being left abnormally wide, shallow, and
subject to weed growth for several years.

Note on paragraph 24. ~The student is recommended to read * Design
of canal and Branches * paragraph 5 of ‘ Irrigation works' by Bellasis,—

1918, which is up to date in the scientific designing of channels,

@ These profiles are usually bmlt at furlong distances as a permanent guide to the bed
fevels and oross seotions 1t as, howaver, a ranch bettor praotics 1o bmid them a1 3 000 feet
intervals, and to work out slopes, oo, per 1,000 feet instend of per mule, making the
ground surface distance marks of the d y qiite of the
bed marks,
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The mazximum ratio of bed width to depth of water is given on page 50

and is as follows ¢
Disoharge in ouseos . 10 25 100 200 500 1,000
Ratio . o 35 < 45 [} G 6

The ratio of 2 to 1 given iu paragraph 24 may be aceeptod as a. min-
imum and only for volumes under 20 cusecs,
The two important points to consider in fixing mean velocities for the
channel are
(1) The maximum veloeity the soil will stand without erosion.
(¢1) The mivimum velocity needed to prevent undue deposits of silt
: in the upper reaches,
As regards No, (i) the following table may be accepted as approximate-
ly correct :

Light loam . o 1'5t02:0fL per sec,
Good Jonm ve e 20,25, , .,

Gravel ot olay o . 35, Wy

Stiff clay orpebbles., o 40 . 4 .
Broken stono nnd pitehing o 50, .

Plnin concrote .e o+ G0to70, .,

Brickwork and cement concrete 8 ft, per see,

Bonnd rock . o 10, 4

No. (ii) the minimum velozities noeded canuot be so easily disposed of,
Water in motion in open channels doos not move in horizontal layers—
there is a regular interchange between the top and bottom layers, and
the silt-carrying capacity depeuds on the vertical compouent of the for-
ward velocity, If a particle of silt is to remain in suspension indefiuite-
ly, the reaction of the bed of the channel must be of sufficient strength to
force it up to the top, aftor each time it reaches the bed. Obviously for
every given depth of water and every grain of silt of specific size and
weight, there is a corresponding minimum forward veloeity needed to give
the requisitc minimum reaction off the bed, which will carry the silt up
to, or mear the surface, along with the water which is moving up from the
bottom to the top.

Mr. R. G. Kenuedy experimented with the silt carried in the FPunjab
eanals and gives the following s the minimum mean velocities, designat-
ed critical velocities, and denoted by Vo, as required for various depths
to keep channels free of silt deposits.

Dopth. Vo, Depth, Yo. Depth, Vo.
1 +84 4 a+04 7 292
2 1-30 5 2:25 8 3-18
3 1:7Q 8 2+64 g 3:43

10 3-67
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It follows from the foregoing remarhs, that wo may design two
channels each carrying the sime volume at the same mean veloeity, but
only oue of the two capable of carrying silt in suspension,

Ezample No. 1 No 2.
Bal wilth . . 82 135
Dopth of water ., o 50 20
Inner slopes . v ttol ftol
Water surfaco slopo . 21 1000 +85 1 1000
Mean veloaity N . 14 14
Discharge . . 40 cusecs 40 cuseos
Vo or entlcal velocity “ 285 138

N B,—\elocities are due to water surface slope and not to bed slope

Both channels will have a mean veloaty of 1+4f pcr sec  This
velocity will be ample to carry silt when the depth 1s only 2/, as Vo for
this depth 1s 1°3” per scc bat will be hopelessly inadequate to carry silt
when the depth 1s 57, for which deptha mean veloeity of 2¢35/ per sec 18
needed

The mean velocity 13 only one factor in deciding whother mit will or
will not be carried 1n suspension, s second and equally important
factor, 13 the depth of water.

25, Economical depth of digging.—The most economical depth of
digging for a distributary channel 19 that by which the earth from the
channel will just suffice to make up the banks of the distributary ~ Out.
srde borrow pits, though unavoidableat times, are always objectionable as
they sometimes render fand unculturable during the whole of the year,
and nearly always spoil 1t for the wet season’s crop Moreover, from thewr
proximuty to the channel, they mtensify the evils of percolation if 16
exists , the damage would be much greater than it actualty 15, were 1t not
the custom on cavals to hiout the depth of excavation of borrow pits to 1
foot, Excess spoil from the channel 1s also objectionable as 1t tnvolves
avoidable expense and the cccupation of extra land

If the cross ded 1n paragraph 24 are used the most
eoonomies] depek of diggiag will be obtatned by keepiag the watersurface
at, or very slightly above the ground level, and 1t will be well to consider
this when laying down gradients

26 Distnbutary cart ways —Cart ways are not usually provided
for distributaries, but on major hmes, particularly when the country 1s not
well provided with roads, they are very necessary adjuncts to ensure
efficient tospection, Cart ways when n 'y can be 1y
provided, by taking up a strip of extra land 20 feet wide outside the toe
of the nding bank, and either simply levelling the ground su:face, or
raismg 1t slightly with earth from a boundary ditch on the outside edge
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The principal expense consists in providing crossings for the field water-
course outlets, as the supply from these has to be carried in pipes under
the roa.d. _Where the roadway crosses bridge ramps, it is best to gradu-
al.Iy ra1se 1t to the height of the distributary banks, making the combined
width 20 feet; this ensures solid and substantial earthwork abt points
particularly liable to wear and tear from public traffic,

27. Canal berms and cross-sections.—The main canal is always
provided with a roadway wide enough for wheel traffic, as the water
surface is generally below the ground level, Spoil is as a rule in excess,
and the ordinary practice is to throw the spoil back to allow of a berm 5
to 10 feet wide between the channel and the roadway. This is very
necessary on large canals, which partake more or less of the nature of
rivers and are liable to under-cutting of the banks from side currents and
eddies. If the berm margin was not allowed, the general alignment of
the canal might be lost from the roadway being cut away in places, This
berm being natural ground has an irregular surface; the appearance of
the channel is much improved when the berm is dressed to a regular
height above the water level—this, for average digging, should be 2 feet
above maximum supply. In the upper reaches of great canals where the
digging is generally excessive, the berm may be kept at a higher® level.

28. Canal roadway.—A typical cross-section of a main canal 100
foot bed and 8 feetdepth of water is shown in Fig, 42, Plate 1V. AA,
are boundary fences, snd the width of land occupied is 500 feet, It is

usual to afford space for plantations of trees fit for timber, fuel, and ocea-
sionally fruit. The enlarged section of riding bank shows the ordinary
dimensions given, in detail : the roadway is embanked 3 feet above the
berm B, which is on the natural ground level. A side slope of 1 in 40
is given to the roadway to keep it clear from rain water, which is carried
by the side drain D into cross drains dug through the spoil at inter-
vals of about one furlong apart ; the side drain is sloped gently {rom the
centre of each furlong to the cross drains on either side. (Sec Fig. 43
Plate 1V.).

29, Oapal tow-path.—The roadway is provided with a tow-path C,
both for the use of men towing boats, and as a protection to the roadway
on the canal side : this should be substantially made of stiff soil, or it will
be worn away by the rains in a few years.

30, Drainage of spoil.—The spoil is shown with a slight cross slope
away from the canal, and a ridge on the edge. A small masonry-line 1

®Whera the conntry level 16 balow the full supply level, it is best to leave the berm ab
country level. Silt will. doposit on this berm and in a very short time fhere will ba 2
berm at full saupply level which will have green grass all the year Tound.
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shoot 15 required between each parr of cross draws to carry off the ranfall
and prevent ravintng. It 1s a good plan to divide the surface of pew
sporl mto compartments with small ridges, and to allow the rainfall to
soah 10 until the earthis Lidated A ltle t1om to small detarls
like the above 1s well repard 1n afler years by the neat and workmanlike
appearance the earthwork presents, when once covered with good grass 1t
needs no attention beyond keeping the drams cleared

31 Dizpositton of sporl banks —The usual practice 13 to throw up
the spoill waitha fixed width and heights varying with the amount of
excavated earth  The result 13 not always pleasing, owing to the 1rregu
lar outline of the upper surface of the spoil 1t 13 much better to make the
width variable and the height an even distance above the water surface
For consderable Jengths within which the depths of digging do not
greatly vary the change of width 19 not very perccptible from the road
way, and the regulanity of the spoil line gives a finish to the work, and
simphifies the arrangements for drainage

32 Canal fencing —The ordinary fence alosg the boundaries of the
canal land 13 & tremch and bank (see Fig 44 Plate IV )~~the latter
planted with 2 live fence of aloe plants {agavy vivipara) or other hedge
plant  The earthwork 13, however difficult to maintain, and the villagers
frequently break down the fence to make paths for their cattle to graze
on the grass and young trees of the plantations Many forms of barrier
have been tried but none with marked success, except substantial wire
fencing this however, 1s expenmive, and the expenditure 1s doubled when
both sides of the canal have to be enclosed Trees, moreover, do not
thrive £o well 1 parrow as broad strips and 1t would be an 1mprovement
on the present cross section to take up a double width of land on the
ndiog bank side, planting that only, just enovgh land being taken up
on the other side to allow of a substantial bank being made, or for spoil
where 1t 1s 00 much 1n excess, to allow of its being economically placed
on the riding bank  This procedure would halve the cost of fencing and
the labour of inspection of the plantations, To make the fence thoroughly
effictent 1t should be connected with the parapets of the caual bridges,
1nspection gates being provided for the canal road crossings Al public
traffic can then be confined to a fair weather roadway runnng outside the
fence, this road will also facilitate the 1nspection and repairs of the fence.

33 Height of banks above bed on mpin canals —The beght to
which banks should be made above the maximum water aurface on mamn
cantls must depend a good deal on the most economieal disposttion of
the sporl which, as a tule 15 1n excess The cost of the Jand ocenpred,
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when it is valuable, has to be considered, beuring in'mind that high spoil
banks are difficult to maintain, plant, and keep free .from jungle, Asa
geueral rule, the cost of lifting earth cach additional foot is equal to the
cost of earrying it an extra lead of 10 feet, One objection to a very high
spoil bank is, that it cuts off the view of the surrounding country, for the
roadway cgnnot bo raised 'much without entailing great expense in
répairs of holes during the rains; the denuded earth from high spoil also
chokes the side and cross drains, and on the whole, except in special
situations, it will be found most economical in the long runto keop the
spoil level from 5 to 7 feet above the ground. In embankments the top
of banks sliould not be less than § feet above water surface, with top
widths of 25 feet and outside slopes of 2 to 1 or3to 1. Main cauals,
from their great leugth and large works, are much more exposed to floods
than distributaries, aud no possible precautions against breaches should
be neglected,

34, High canal embankments,~—As main canals have often to be
carried across large drainage lines in order to gain the doub, for the irri-
gation of which they are designed, the passage of deep river valleys by
high embankments leading to and from aqueducts has to be cousidered,
The two most notable examples of this class of work are the Solani
cmbankment of the Ganges Canal, 2 miles'4 furlopgs and 606 feet long,
with the bed raised from 15 to 18 feel above the ground surface, and the
Kali Nadi embankment, a somewhat smaller work of the same class on
the Lower Ganges Canal, Both these hugs embankments have stood the
test of time and high supplies in the canals most suecessfully and with
marvellously slight subsidence, Considering their height, this stability is
undoubtedly due to the careful and workmanlike menner in which they
were constructed. The Kali Nadi Aqueduct was destroyed by an unpre-
cedented flood in 1883, following a rainfall of over 81 inches in 24 hours,
but the embankment stood absolutely uninjured,

The construction details of embankments belong properly to the
Manual on ** Earthwork.” It is, however, necessary to show the position
und dimensions of the earthwork and the puddie walls on the léngisudinal
section, - If the clay for the puddle is of good quality and well mixed, a
2-foot top widlh, with the sides battering at a slope of 1in 10, will be
found sufficient to entirely stop percolation through the banks (see Fig. 45,
Plate IV), L.

The puddle wall is best placed well inside the earthwork, where it will
be protected from the effects of the atmosphere, and for the same reason
it should not be carried up to the roadway level, but kept one to two
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feet only above full water surface to provide for floods or extrasrdinary
supphes, The foundation ought to be well bedded 10 the natmal sail
Puddle hinmgs for the bed aro rarely provided as in most cases the ex
pense would be great and a really well embanked bed 1s practically more
impervious than a section of the natural sotl at the saume time 1t must
be ndmitted that mtuations are met with where the provision of a water
tight lmg to tho whole channel would 1n the end be the most economical
and jud pract; A thoroughly water-tight channel not only saves
the adjorning lands from injury by percolation, and the Engineer from
obloquy but economizes canal water for use when 1t 1s really wanted
If such a lining 13 deemed indispensable 1t 18 & matter for carefnl const
deration, whether puddle or a thie Concrete limng should be employed—
the saving 1n earthwork reprirs and the possible reduction 1n the dimen
s1ons of the channol are in favour of the latter material,

By experiments made 1z 1889 90, Mr Dupwis obtaned the following
results —

P2 cbable loss of water per male wn a canal channel 18 feet unde at
surfuce and & feet deep embanked an pure sand,

If uopuddled . 2+65 cusecs
If puddled with one foot brick earth, 045
" » » Dblack puddie 03 ,

»oo

He also found that there was no advantage practically in 1 foot 6
nches thichness over 1 foot but that the advantage of 1 foot over 6 1nches
was considerable, also that good yellow clay was equal to black puddle

Probably the best possible lining for o large canal would be 1 foot of
puddie with a few 1nches of concrete over to protect 1t from imjury

35 Discharges ~In order to determne the required discharge of the
mam canal a$ the head, as mentioned previovsly, 1t 15 necessary to work
up from the very beginning, crlculating out the demand for each water
course and distributary and making all needful allowances for loss of
water by percolation and evaporation The calculation of demand and
needfal supply for each water-course 1s quite sumple when tho irrigation
from 1t 13 confined to a single village as 16 will be when the canal 13 the
colonizing agency 1 previously uncultivated tracts, but to maintain this
condition 13 very difficult 1t may be smd impossible 1z practice when eanal
rngation 13 mtroduced 1ato settled and cultivated districts, because 1t 18
essential that the bou ndartes of the mimnor doab not of the village lands
should be the limits of 1rrigation from sny patticular water course and
when several villages or parts of villages have to be supplied fiom one
water course, although the calculations of area and supply are smple
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onough, the distribution must be complicated by proper rules ensuring
that all pattion are justly troated with regard to the times and quantities
of wator supplied to them,

It must be admitted that many distribution and administration dificul-
ties will bo removed if one uniform size of outlet pipe can be used, and the
nocessary variation in quantity of discharge securod by altering the hoad
of water or increasing tho number of pipes in particnlar outlots, As two
ousocs is about the maximum supply it is judicious to allow to any private
wator-courso, if the G-inch diameter pipo, now the most popular size, bas
selacted as Lho uwit, it will be rarely found necessary to fix more than
two™ 8-inch pipes parallel to each other to give any required discharge ;
indead, the average dissharge of tho private water-courses of a large
systom of canals under ordinary conditions will be found not to exceed
half a cusee.t

36. Duty.—Having fixed on a standard size of outlet pipe, it is neces-
pary to dotermine the duly, to he accepted per cusce for the canal or tract
under consideration. This duly is the area which it 18 assumod can be
icrigated by one cuses from & distributary continuonsly during the year,
and it is necossary to bo careful when dealing with the calculations for
distributaries, minors and water~courses to remember to reduce this duty
nceording to the proportionate times they are to be open for irrigation, or
closed to allow of water being given to other branches. Thus the duty
per cusce for a distributary open and closed each alternate week in the
year will be half that for one continuously opgn.

The actual duty for any given tract must bo determined by experi-
ence, the nature of the soil, the climate, the system of cultivation, and
the arrangements for distribution. The figure assumed should, in any
caso, bo one which it will require care and atteation on the part of the
Irrigation establishment to work up to, and yet not be beyond attain-
ment under favourable conditions, It is true the duty is but an assumed
figure for the purposes of calculation, bub it hns great importance,
because if it is fixed too high, it will really reduce the percentage of
irrigation allotted to the tract. :

In Northern India & dutyof 300 acres per cusec is mow generally
xluocepted as a fair figure to work by. This ares, however, will be Tound

» Two G-inch pipes with & head of 1-050 feet will discharge 2 cusecs,

t In notusl practioo it is found extremely difficult fo put in outlets with varying heads
of water ta give the required varying disobarges noeded. In the United|Provinces pipes
varying from 8’ to &” dinmater are uged, the distributary is divided into reaches and in
ench roach the outlats are built all the same height above bed level; in the tsil reack at

bed level,



CHANNELS 81

too low when the country has advanced to the stage of giving irngation
channels, more specially the smaller ones, an impermeable lining AY

- senn LIPS

{ w0 A haf Qeqllfany allegverthe atea,
1f we compare
this ﬁgure with lhe quanmy of water used in irnigation from wells
Average depth of water wn feel used for 1rmgation of different crops
1n the North Western Provinces and Oudh *

Tobacoo | Potatoes | Sugse Opium Carrols | Gardens | Wheat Barley

1936 1186 11257 1061 1 061 10 Q 6778 0 465

Although for general purposes a duty of 800 acres per cusec 1s re
commended, the fact that different climates, soils and crops require vary
ing quantities of water for efficient 1rrigation, must not be lost eight of,
nor neglected In comparatively damp climates sugarcane and wheat can
often b, matured with one or two waterings, while 1n drier chimates they
will require several, No comparison 1s possible between the quantity of
water taken by rice and gram, A Light soil will often absorb three times
the quantity of water required for irrigating the same area in clay It 13
certainly posuible with diligent 1nquiry to arrange dischargessoas to
fit 1n more closely with actual requlremems than any average duty can,
and where broad d linates, s0il and crops exist, &
varyiog duty should certainly be used, at the same time it must be
remembered that too many refinements often lead to troubles, which are
very difficult to cope with, and that there are-other disturbing 1nfluences
which may at times modify the results of the best arranged systems, such
as vamations in rawfall, caste of cultivators, and those changesin the

classes of erops grown which mvarably follow the mtroduction of canal
water, In India the snfiuence which race and casto has on cultivation 1s
most marked, and the hired Iabourers, shich enriched canal farmers often,
employ, are not nearly such economical workers as self-cultivating tenants
37 Al for evap and percol —It1s ¥
to der the q of all for both evap and pereola
tion on canals, although 1t will be seen that there are some difficultres in
the way of applyng these allowances in practice  Before dealing with
the amount of loas due to these natural results of carrywng water 1o open
earthen ch Is, 1t will be advantag to der how they are likely
to effect the discharge i different cases Taking first rivers and streams

« See Report on Gonstruotion of Wolls for Irrgation N W P, published at Roorkes, 1323,
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flowing in natural channels, These will lose water by evaporation and
gein by percolation, and the loss from the first cause will be greatest
when,as is usually the case in the Indian plains, the river flows in a broad
shallow sandy bed exposed to great heat; yet it appears from the increase
in volume of discharge which usually, occurs, that the gain from seepage
from the high lands to the river is generally greater than the loss from
evaporation; and it may, therefore, prove economical in cortain cases to
carry water in the natural river bed in preference to a high level artificial
channels. :

The loss from percolation in large artificial canals passing through
sandy or porous soil is very great until the soil batween the surfgee of
the ground and the subsoil water level has been saturated to 1ts full limit
(vide Article on Wells). (See Fig. 46, Plate 1V,)

When this limit has been reached the loss will be reduced to the
quantity of water which can pass off at the junctions of the fricf,ional
limits of saturation with the subsoil water ling, This will be a small
amount compared with the Joss before saturation was reached, and any
allowances made for percolation from canal in calculating .effective dis-
charge should be confined to this quantity, and not include the large
early loss which will decrease year by year, aud finally disappear about the
time the full irrigation command of the canal is realized.

The evaporation loss from a main canal can be calculated with fair
accuracy, and if it is considered necessary disallowance from the discharge
for this and percolation can be made for certain fixed sections of the canal.
The conditions on distributaries differ somewhat—the excavation for
the channels does npot cut so deep into the soil strata, the channels are
more stable, and generally become lined with a fairly impermea.uble clay
silt coating. Indeed, those properly designed to carry Fhe e:,xact discharges
required, and kept carefully repaired to this sec'tnon, in time becon.xe per-
fectly so lined : all this tends to reduce percolfxtlon, aqd, except in the
case of large channels and very bad soil, it 1s ?robable tha.t the s'up.ply
ravely percolates far in the ground, at the same time there is a distinet
loss from soakage when distributaries are web and dry for shori alternat-
ing periods. ' ‘

Evaporation on distributaries is probably less than on main canals,
owing to the banks protecting the surface of the water from being swept
by the wind, and the shade of trees when these are allowed on the banks,

On very long distributaries an allowance for loss frm.n'chese caus?s
might be made with the advantage of more nearly equ-a.hzmg the dis-
charges from outlets throughout the distributary ; but in most cases the
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variation in soil and 1 the lengths of the water-courses themselves will
have a so much greater influence on the actual valne of any given dis-
charge from an outlet, as to render such refinements 1n caleulation both
unnecessary and inexpedient,

In water courses the greatest loss 13 by scepage from the channels
which are oftendaily opened and closed. The loss from improperly aligned
and badly constructed water-courses 1» very great indeed, and as far as
economy of water 1s concerned, there 13 more to be gawned by attention to
these often neglected channels than by any other measures the Engneer
can take. It1s from these channels the useful effect of the irmgstion
water 18 D'btumed, and fiom these also that the maxtmum waste ocours,
No allowance of the nature made for the larger channels can be made
usefully on water courses for loss, as the channels are the property of
land owners and cuttivators, and aro unprovided with permanent regulat-
ng apparatus except at the head It may, however, be noted that
cases where disputes regarding the rights to certain supplies oceur, the
canal officer can be called upon to fix certain times for runmng supplies
to particular localities, and m this case may with adantage give some
extra period for arrigation to the tail portions of water coutses to com
pensate for the distance the water has to travel.

38, Evaporation.—The amount of evaporation depends not so much
on the temperature as on the rate at which the vapour can be removed
from the surface of the water by the waind A ligh temperature has of
course z considerablo effect, and 1 America 1t has been noticed that there
15 more evaporatien from shallow than deep lakes, becauss the tempera
ture rises higher in the shailow water Evaporation appears to proceed
ab night almost as much as during the day

Captain A, Cunnimgham, RE, made some experiments at Roorkee
on the Ganges Canal to mvesugate the amount of evaporation with the
following results—

Month Rate 1n inckes
per diem,
Februsry . . . 014
March - . . N 012
May . . . €15
June . .- . . 012
October . - “ . 013
December . Q10

"Taking the mean of these results for 24 hnurs 1e 013 1nch, the loss
hy evaporation on & caual, 50 feet wide in 50 miles of 1its length would
be 1.65 cusecs, a small figure, 1f we consider the probable discharge of a
canal of this dimension would be about 600 cusecs

of Sl
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Mr. Austin Ellis of the State Agricultural College, Colorado, after
some elaborate experiments on evaporation in 1898, found the annual
amount f.rom lak.es to be 41 inches, and 1 to 1} inches per mensem from
ice; 41 mc't.les In a year ig about equal to 0°11 per diem, which agrees
very well with Captain Cunningham’s results,

39. Percolation —It is a most difficult matter to estimate with any
approach to accuracy what the loss of supply due to percolation will
amount to in a canal after it has been running for some years, the nature
of the soil, the condition of channel, the depth of water, the temperature,
and the position of the subsoil saturation level, all influence percolation.

It is evident that the loss will vary in different lengths of canal, be
greatest in porous and less in compact soils and clay. In most main
canals the first few miles of channel will have the bed level below the
natural saturation level, where there will be more gain than loss, and as
it is probable that every canal line will pass through tracts varying greatly
in porosity, it will certainly be advantageous to identify the most porous
sites and arrange for a remedy when this is possible. )

In Colorado the State Agricultural College (1898) made some experi-
ments on the seepage from canals which showed (as found in India) that
the loss decreased when the soil became saturated; that it increased with
the temporature, * being about twice as much as 80° asat 32°; that the
loss was lessened by any process which forms or tends to form an imper-
vious lining or coating of clay or silt; and that in the prevailing Colorado
soil the loss may be put at from 1 to 2 feet per day over the whole surface
of the canal.

This is a very large amount, but it is probable that the soil in Colo-
rado is generally more porous than what is usually met with on Indian
canals,

Mr. Dupuis in 1889-90 made some experiments in India to determine
the value of clay or puddle linings for canal channels, and found that the
probable loss of a canal channel 18 feet wide at surface and 5 feet deep,
in Toose sandy soil, would be 2°65 cusecs per mile, Fora canal 50 feet
wide in 50 miles, this represents about 368 cusecs, more than two-thirds
the discharge of the canal, and it is probable that the whole supply of a
canal in such soil would be lost in 70 or 80 miles, .

When the Ganges Canal was first opened over 500 cusecs of the
supply were lost in sand hills through which the channel passed about 30
miles from the head ; this loss continued for many years, though on 2

= The author exparienced the same result when expermmenting on the passage of water

through sand in 1896,
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reduciog seale, until the soil was fully saturated, and the loss now 1s not
remarkable 1a this length  These last tastances are more nstruchive as
samples of the immense loss that occurs in eertain localitres, nnd of the
necesaity of counterncting 1t, than aa guides to the normal loss which must
occur 1n unhined channels of earth where all posuible precautions have
been taken On the older canals of the United Provinces and Punjab
1o India, the discharge carefully measured at different points, show the
following average losses, viz, 1n the Punjab 8 cusecs for each million square
feet of wetted surface, and on the Ganges a comparatively old conal 1n
good order, 15+6 per cent of 1‘he discharge 1n 195 miles

The actual mean loss on the Ganges Canal i 197 miles wns about
874 out of 5500 cusecs and spplylng the other records to canals of
somewhat similar dimensions, 1t appears that the losses may be expressed
8¢ follows —

Colorado Canals, 0°231t0 0 46 per cent of discharge per mile

Pumab* w0185, L, o, o,

United Provinres Canals 0 082, v

It 1s evident that these losses include evaporation(vide para 40) which
at 013 inch of surface exposed, will be 0 0025 par cent of discharge
per mule The Colorado soil appears to be naturally porous the Punjab
sorl 13 somewhat sanidy, and the canala are generally more recent than
thoso 1 the N W Provinces and for general purposes a combined loss
of 010 per cent per mile would appear auffy for project calculations,
that 1s to show what the loss will be when the canals have been runniig
for a long series of years

, ” ”

" ” »

Although allowanccs cannot usefully be made on village water courses
for loss of water by percolation and evaporition 1t 18 ntercsting to
nquire 1ato the actual amount of this loss, for which reliable figures are
available from the results given in the papers relating to the Construction
of Wells for Irrigation, pubhished at Roorkee n 1883 It must be borne
I mind that these figures relate to well water<ourses which are usyally

* The most approved formula for loss by absorplion 1n Punpb Canals is P=C /% . Ll
whees P==loss by absorption 1n 8ny reach per second in cubia teet, i
c=aconstant usually takenatd 5
d=depth of supply imn teef
w-mith of water surface of reach in feet
TLi=length of reach in fest

In all but very small channels W is pract cally identical with -+ﬁ)4
axd ty
absorption may therefors be taken 28 varymg with (m-i-.:f)d' : ’
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constructed much more carefully than the average canal water-course,
yet the mean loss' is shown as 2 cubie feet per foot run of water-course
for a working day of nine hours,™ '~ " B

Experiments made on the Ganges Canal about the same time showed
that out of a total supply of one cusec there was a loss of 0°5 cusec in s
distance of 1} miles, the soil being sandy for one mile; this for a day of

nine hours=2 cubic foot per foot run also.

This loss of half the discharge in 1} miles shows the enormous gain
that would result from giving water-courses an impermeable lining,

40, Tatils, —Tatils are periodical closures of the whole or portions
of channels for the purpose of regulating the distribution of the supply.
There are many sound objections to contintious running of distributaries —
it interferes with repairs, necessitates constant small supplies instead of
alternating large ones, and it militates against economy of water to some
extent, as cultivators are inclined to waste a supply which is always pefore
their eyes in apparent abundance. On the other hand, there is a certain
loss of water due to the channels being alternately dry and wet : this, how-
ever, will be largely compensated for if the channels are carefully examined
and cleared to the calculated sections during the dry periods, aud on the
whole, an alternate weekly closuve of distributary heads, combined with
constant running of all their water-courres during the open period, is
recommended. This system will of course involve doubling the discharge
of the distributary for a given duty.

Section or inlernal tatils, in which the distributary itself is divided into
& number of parts to be opeued and closed for water-courses running alter-
nately, are not recommended : this system was, and is even now in places,
extensively practised on the older canals in India, and often was ﬁhe’ only
method by which water could be forced to the tails of badly designed
channels. Its enforcement necessitated frequent appeals to law, and was
a constant temptation to malpractices by the inferior canal oﬁitfials, wl:to
in outlying districts could make a large income by merely shutting their
eyes to thefts of water, or breaches of rules. There was also a great loss
of water due to the heading up nacessary in certain sections to force the
supply lower down,

41, Six.inch pipe discharges.—The following Table on next page
gives approximately the discha%rges under ‘ different "heads from. 6-inch
circular colaba® outlets—this size of outlet 1s probably the best suited for

general purposes.

# Yerngcular term for outlet pipes.



CHANNELS, 81

VW hen finmeg the position of outlets with 1eference to the water surface
the ground levels should Le considered 1t will often be better to give a
double or even a treble pipe outlet discharging into a common channel with
a small head 10 preferenco to a4 single pipe outlet with a large head

The colabas are supposed to have a clear outf1ll and no more, 1e the
water surface 1n the recenving channel 18 taken as level with the upper
sutface of the outlet  When the water course s in embanhment, arrange
ments shouldbe made by means of masonry eilla to preserve tlus condt
tion  When the water course 15 0 digging, necesstatiog hib wrngation,
precaution 1snob 30 necessary 1ndeed, 1erigators by hift may well beallowed
every advantage, 1n order, as far as possible, to foster this most economical
system of dustribution  Moreover, the aren allowed for canalirrigation n
each village beinyg himited nnd under control, and Lift 1rngaton requiring
less water than flow, there will not be wnch temptation to ereise the
discharge,

* Duscharyges from a G inch dwameter cercular outlel pipe

1 Duc\\nrga“ Discharge } Diackarge
Hewd | Coefic incuble ' Head | Cowefi | Incabuo ‘, Hend | Coeffi | mcube
= A folentme festper | sk lclentee| foot per =k [cient=e | leet per

\ second | tecond 4 i recond

—_ — 4 — 4
0 050 050{ 015[0550 L 072 llbm 063 119
oors| o5t 022 0575 , 078 | 15% ’ 121
01| os2l 02 | oem 075 | 1e0i 123
0125 053 L 23 Q 650 N 0178 1200 " 198
0 150 1) 083 ‘ 0 700 » ¢ 81 1100 " 147
018l 05 036 | G750 " o8+ | 1750 " 12
0 200 Q56 0 g 0 800 087 1800 13
0235 03F V42 | 080 oy | 1850 . 138
0250 058 0 45 0 9500 R 092 1 800 " 134
0 275 059 045 0 950 N 095 3' 250 N 136
Q £00 0t o051 1000 . 097 2000 130
0815) 061 054 100 ", 100 j20%0; 139
osta| o€z o0& , ti0l 10. (2100, L
omsl L1 660 ! 10] % 10i jzuol 18
ouol 0063 | 1%0 - 107 | 2400 1 :s
24'5 n l 0“11“’ . 10 3%38 , 1.‘8
oy, | o9&y 120 " 11t i- " 146

0413 , 067 195 . 113 {3850 . 1 41
98 » | oe | 14| o 1 2l 1a
osmsp L, | oM luoa ) IR -8 1a

i 2 ,

$Based on expeciments by Messts 7§ Bezesford and W J Wilton Discharge
= o (0 1964v373)



CHAPTER VI.
WoRrks.

1. Type Plans.—Tt is not easy or perbaps possible to prepare Type
or Standard designs for many of the classes of works required for canals,
The conditions affecting head-works and heavy drainage crossings are so
variable as to preclude all but special designs, whichare also necessary for
all works when the formation level soils areuntrustworthy. The failure
of a large work on a road, or even a railway, has only a more or less
local effect, and the inconvenience can quickly be overcome by temporary
expedients. Moreover, on railways, the opportunities for experienced
inspection are frequent, while, owing to their great length, the wide area
they cover, and the heavy duties of the superior establishment employed
on running canals, the inspections of particular works are necessarily
made at considerable intervals of time. Moreover, the damage caused
by a heavy breach in a canal is not confined to the area destroyed by the
flood, but by cutting off the irrigating supply may have disastrous results
on the agriculture of a large tract. Too much care cannot, therefore, - be
devoted to the plans of works liable to severe action, and the information
regarding drainage etc., shown on the Professional and Village Maps, is
quite as-necessary to the designer of works as to the practical irrigator.
To describe in detail all the works likely to be required on a canal in
Northern India would be beyond the scope of this Manual; it will be
_sufficient to briefly sketoh the ordinary conditions affecting the design of
each class, It must be remembered that a perfect working plan cannot
be drawn from theory only, it requires long experiefme tempered with
a thorough local knowledge to design with confidence works calculated to
stand the tests of time, and the enormous strains of large bodies of water
passing with high velocities through, above, and below them, founded as
they will be in most instances on unstable and treacherous soils. _

2. Main Weirs.—The class of obstruction required to tura the sup-
ply from the river down the- canal, will depend on the slope and nature
of material composiag the rivér bed, and the comparative volume of
flood of the river. These obstructions may be divided into three main
classes, which are usually &isbinguished in India as follows, wiz.—(1),
Main weirs, consisting of permaneut bars across the river high enough
to turn the maximum supply down the canal, but allowing of the passage
of floods over them ; the full height of the weir may be permanent
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or a portion of 1t may be temporary and capable of removal during floods
(2) Complete dams, which are properly strugtures with their permanent
crests raised above the maximum flood levels, snd provided with waste
weirs and sluces for regulating the supply  (3), Temporary bunds * con
sisting of erther cribs filled with stone plain stotie or even carthern
embankments across the bed high enough to turn the full supply down
the canal, and arranged 3o as to be more or less completely washed away
by the nnnual floods

The term Dam 13 also very commonly applied to obstrustions not per
manently raised above the niver bed level, but provided with piors and
gates, or planks, or gates alone, and used ewther for total temporary
obstruction, or regulation, or both,

8 Examples of Mamn Weirs —Threo distinct types of man weir as
usoally built 1 Northern India are exemplified by the Narora weir on
the Ganges river at the head of the Lower Ganges Canal, the Okhla wair
on the Jumna river at the head of the Agra Canal, and the Paricha werr
across the Betwa river at the head of the Betwa Caual (ses Plate VII)

4 The Narora Weir —The Narora weir 1¢ founded on fine river sand
without any admuxture of hard material and as will be seen by an
spection of the cross section, when first buily conmsted of curtainand drop
walls connected by a platform and protected by pit~hing above and an
extensive talus below the weir crest being & masonry wall resting on
the curtamn and fitted with flap shutters, arranged so as to lie down on
the top of the wall during floods and offer little or no obstruction to the
passage of water when down, but to form, when rased and eecured a
water tight barrrer. This weir 1s protected on both flanks by extensive
revetments raised well above maximum high flood level, and 13 connected
directly with the canal head and with a set of under-sluices for regulation
and clearance of the canal head from river deposita This combination of
crest wall, under slutces, canal head, and lateral revetments, 13 commen
+to all Indian weirs, the detatl of the arrangements being varied to suit
cufferent localities and circumstances, Some years after the completion
of this weir 1t was found necessary to protect 1t with a puddle apron up
siream to prevent sand being washed out from underneath this founda
tions  Thts point 19 referred fo 1n paragraph 12

6 Height of weirs —The height to which the weir crest can be per
manently built depends on the depth of the bed of the river below 1ts
natural banks and the volume of the floods  As previously noted, most
Indisn trough rivers have a wide “khadir,” and the mamn stream

#¢ Bund,' —Anglo vernacular for embankment
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generally hugs the high table-land or “ bangar” on one side,* leaving a
broad streteh of low-lying and more orless marshy landon the other, this
is called the khadir, and is composed of alluvium, often very sandy, but
sometimes very rich and highly cultivated, though liable to bs flooded.
(Fig. 47, Plate IX.) )

Now it is evident tirat an injudicious raising of the weir crest will
swamp the khadir at all times, and seriously endanger the safety of the
* weir during floods, which would be afforded every inducement to avoid the
weir, and cut a new channél for the river through the low-lying khadir.
In most cases these results would follow the coustruction of any hard bar
or weir in the bed, raised ever so little, were it not for the provision of
marginal embankments and training works ; but the height to which these
embankments can be raised with safety is very limited, and to ensure
them from injury by erosion, it is necessary to fix their alignments at a
considerable distance from the river channel,

Asg trough rivers from their very nature always run at a considerable
depth .below the bighlands or * bangar’’ (the area which it is desirable
to irrigate), it is clear that the main canal must of necessity rin in deep
digging for some distance after leaving the river; there is thus every
inducement to save expense by unduly raising the weir erest. This temp-
tation must, however, be stoutly resisted, for although it is possible by
well designed training works to more or less strengthen a badly designed
weir, yet the cost of such works, if extensive, is always great : the expen-

_ diture on their maintenance a yearly recurring charge, and the instability
of the works a never-ending source of anxiety to the officers directly
responsible for them. :

.8, Drop Shutters,—The introduction of drop shutters on thecrest has,
to a certain extent reduced this difficulty, bub not removed it, as such shut-
ters cannot be worked in a satisfactory matiner by simple hand labour

for depths exceeding 21 feot,} and no perfectly. efficient design for self-
acting or power-worked} shutters has as yet been brought forward; nor is.
it likely that any self-acting plan could be applied with safety to large
weirs, for the results on a weir, say a mile long, of the sudden fall of all
the shutters so balanced as to free themselves whon the supply had reached
a determined height, would be disastrous, Moreover in India the care of,
and repsir to elaborate machinery is both very expensive and diffieult, if

# On rivers running in s southerly direotion this is ususily the west bank--gupposed

to be due to the diurnal rotation of the enrth.

+ The shutters are usually 3:5 feet high,
1 An illugtration of a method employed on the Chenab Canal is given here.
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LIFTING SHUTTER WITH CRANE, CHENAB CANAL WEIR.

R SHUTTER, CHENAB CANAL.

Photo.~-Mechl. Dept., Thomason College, Roorkee,
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nob mponsxblent present, to arrange for The plans of an effcient pattern
of shutter now n uso are given on Plate VIIT It will be scen that any
indrvidual shutter ean be rewmoved for repatr without disturbing thso
adjacent, and that no prers whatover aro required~this 1s a most import-
as} point—-as prers wonld be certam to eateh débris and trees floating
dowa the stream nnd thus euse obstruction  When for spemal reasons
4 becomes ecesasy to rasse thoso shutters agunst a larges head of water
than smple hand labour ean cope with, the followmng method 1s adopted,
{oee Fig 48 Plate IA).

Two vertical channal irons AA supported by struts B are placed
sbutting aganst and m front of the shutters, enre being tahen to lease
& little more than the olear space for oue shutter botween them They are
beld vertseally 1n this posttion by expuricnced lsbourers whnle others
briag up the planks CC, ono plank 19 fiest held horizantally s tho surfaco
of the water rushiag over the woir D, and then slowly, but stesdy,
pressed down untd 1t rests on the wear an frout of the shutters , once there
the wator preasurs keeps 1t firmn and tho other planks ara placed i the
tame¢ manner, After $wo or threo planks have been fixed the pressure of
the wites holds the vertical channel 1rons firm the centro shutter E can
thea bo rawed and fixed by 1ts chatn P In this manver each alternate
shutter 13 rawed, whea tho uso of the verticals 13 discontinued, and the
Planks fised 1nstend in front of the rused shuttors themselves to allow of
the intermediate shuttors beng raised  Depths of water up to 3 fest
@n thus be successfully doals with, but the procoss 13 slow, snd 1
the case of high veloaasics requires antropid and experieuced men It
might be thought that the water flowing over the werr on each mde would
curl up 10 front of the planks, but this 13 only the case to a hmted
extent not enough to wnterfere with the rusing

These shutters, first antroduced by the author on the Narora Wer 1a
1878, have since been placed on many of the large works ofa stmular class
n Todia

7. Afftux caused by s welr —A consideration of the various formulm
for tischargs over submerged wetrs will sbow that the fow lsvel =t the
Yer will wob be 1acreased by aa amoant eqaal ta the actual height of
the wenr I beavy foods the afflux® at the Narora Wear (20 feot high)
4 hittlo more than 1 foot This very small aftux may possibly be due to
%o form of the werr (a clear fall), as tho affiux on tho Okhla Werr (s rapid
IO feet ughy 1s very much greater, sometines 5 5 feet 1t 19 probable

® ¥ide Appendix C, giving flood "avels and discharger
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that o narrow bar like the Narora Weir has but a very local influence
on the enormous mass of a heavy Ganges flood; at the same time its
ample length compared with the discharge has certainly some effect in
reducing the afflux,

Besides determining the afflux at the weir site, T it i8 necessary to
investigate its probable extension above the weir (vide formula, Chapter
V, paragraph 16) before finally fixing the height to which the weir may
safely be raised,

8 Saturation of low khadir land.—When the kbadir of a river liable
to heavy silt-laden floods is examinéd, the highest land will be found
close to the banks of the channels : this is due to the large sand particles
thrown down by the overflow, which naturally deposits close to the main
stream immediately the velocity is checked owing to the flood spreading;
the surface contonr of the khadir will, therefore, not be flat, but a series
of depressions bordered by slightly higher lands—(se¢ Fig. 49, Plate IX).

In the depressions AAA will be found clay beds, the results of slow
deposit from the floods, checked here both by the blocked outfall and
the heavy growth of jungle which covers these low swampy lands in the
earlier stages of their formation before they are broken up for cultiva-
tion. Such depressions are peculiarly liable to damage by percolation,
while at the same time capable of high cultivation, and giving rich crops
on account of the annual replenishment the soil receives from the fine
flood deposits. Care must therefore be taken not to destroy them by
percolation from an undue raising of the height of the supply in the river
during dry months of the year; the passage of floods over them to &
moderate extent will do more good than harm as fertilizing matter is
deposited on the land, It must of course be understood that it will be
quite impossible to construct a weir under ordinary conditions without

4 Tho formuls most used in the N -W. Provinces ars as follows :—
D=83sXL]|vHt 0'04~’)—~’~/(0'04u')'}

Por clear Falls,
» submerged Falls, D = 5:04 XL idz V3 F0-0dut 3/ (@ F0 087 — 1 70 DFw)*
or D =85 X Lawd 100364 + SX L X dyvd,+0°02%°

Whore D = disoharge in cubijo feef per second,
I, == length of weir in feet.
A == depth from normal surfsce of water above weir to top of weir in faet,

% = veloeity of approach of waler to wair in feet par gecond.
4y = beight of fall of water in fest, 4.6, difforence betwaen normal surfaces

above and below weir,
dy== depth of top of weir below normal sutface below weir in feet.




WORES 93

inyuring some land , the evils can, however, be kept withw moderate
limits by a careful study of and attention to, the contours of the country,
and 1n time the annual floods, 1f uttized jud ly 1n warpiog operat
will, of themselves, rmse the low depressions, which can then be put
under plantations or let out for cultivation

9 Reservowr Dams —These restriotions as to height of erest do not
apply to cates where the conformation of the river valley admts of the
weir being utilized as the retalning dam of a reservoir to husband the
supply  In this case the height will depend on the contour of the reser
voir valley, and the facilities afforded by the site for the weir, which must
be located 1n a gorge forming the outlet to a valley, to render the project
economically feamble The Paricha wewr on the Betwa river 13 an
example of this class of work. The floods passing over the Paricha werr
accationally amount to 620,000* cuses,

10 Length of Weirs —The length of & weir 13 determined by the
magmtude of the floods  The height of the weir wall being known, and
the maximum depth on the crest Sxed 1 d with the d
ations mentioned above, the length should be simply that eufficient to
discharge the manimum flood It 15, however, not by any means & sim-
ple matter to determine the amount of the greatest flood ever passed
down an Xndian river  Canal weurs are generally situated high up near
the ills, where no permanent bridges or other works likely to supply a
record exist  Gauge observations are rarely carried on until a short
time prior to the 1nstitution of the project, and calealations from recorded
rawnfall, 1f such records exist, are extremely liable to error, moreover
the perodical occurrence of extrasordimary rawfall causing abnormal
floods at long 1ntervals 1s a marked feature of Indian moteorology. Thus
on the Kalt Nadi 1n the Umted Provinces, (which has a maximum normal
Bood discharge of 26 317 cusees) on the 2nd October, 1884, 44,000 cusecs
passed down, followed on the ]7&)} Inly, tbe next year, by 130,000f
cusecs Theso floods were absol d, and no exp
could have foreseen or anticipated bbem the engineer 13 therefors, com
pelled to trust more or less to local tradition for his record of the highest
flood marks, and $o theory for the determination of the actual discharge
from the cross section and slope of the river By engmiring from a large
pumber of individuals, comparing results, and exercising & wise diseretion,

& Calenlated mayimum = 750000 Flood on 8tk Angust, 1884 =615,788, with nearly 15.0
feet depth on crest

The catchment bamn of khe Kalt Nadi=2,377 square mules, therelore run off =55 cabis
foet per square mile



11e0dop Logd pren 907 v gyt 91 11900 L(lwsettof ‘sxzek jo #0138
#3040 41 uMOP 115 J0 ofessud sols o) IMCLYO © SOALI] POUO MYONT WITW O} WAL,
UO SpOOY oY) JO UOMO® Oy, “dom o4} [ITAI WD 91010)5q n4pp Saryrog
2A0wWaR pue guyed o) sjwamauvias Furpraoad 4q 10 ‘peyosiqns oq Lew gt
qoigs 03 Wies 30 smO[q oY} puessgrA o 43nous oatssem [TM 95310 o3
uiyzm £q pay 00 A[15%3 B P 82103 AATIONIYSAP §8IY Oq,
wonyediat Jof pucarsp yStq v pav ISALI Mof © JO satITy
UT 40}0q [9AS] L Jjuf 97 pue ‘Itam 6Y3 040q€ J8jeA oy Jo dn
Bupeay oty £q pasnwa 1sjea Jo anoos puneafrepun 10 desrd ey ()
e U ‘SpOOp UT II3M oY
Suiawa pus ‘zea0 Juiyjey ‘Surgstosdde—aerea-oy 3o uorew ofi (i)
¢ 20412 gt usop Sunywoy s9013 10 s130L (¥}
—a18 1191 ¢ £01989p 04 Surpuay seo10§ mem e0ay3agy,
*[{ty 2o 99 Puv O] 5t J9AU
9y UGYM pUE SpOOY W Yjoq ‘FIOM UI WpHM PUVISHILM O) oAy [[14 31
§9010§ 0q3 £q Aanfur woxy paesjoad L[qerns “aofaq Jooy T pue [[vA 15010
v jo syprvmoo aodosd 1ok ¥ 999 [ios 'Aneoot o3 NS 03 900 peYI0M 6q
uwo ufisop 097 Jo spiejepoqy paunadep Ljeug Suieq 32010 0yt Jo 9gSieg
oyl pue A oys jo y1fua| eyyr— ufisag M UTEIY JO STRIOE ZT
a[qreuorwelgo pue L1essoosuun oxe
suomoSucaae Suneniey  slusmyurque jemiBavw eys ojur ok Toyey
Sureq 1 juey oyy qsotx Jtus [[ra s{{es dosp pue arey
-1mo dasp qyim popraoad poe SIuosvm Y14 peoty Jeq 03030u0d ¢ ¢ ejqissod
se ojdmis s oq o} jq8no syrom eseyy oy sudisop gy, s[ids pooy
wozy shsodep oy jo aeyrefojje pearadsp Jr eaponpoidunomooaq spusy
Itpeqy Auvm s ‘osuss [Ran{no1fe ue UL |BIOYIUAQ OS|C OIE SYI0M BEIYY,
“£1p sfesie L0310 oI §XIOA 943 3 ‘Jno pattira Lj[eotmonoss
oq ues saredor poe ‘Asva st norjoadsur 4nq ‘syucy og) o pur *mojeq ‘oaoqs
qroq Sumond s uonsejord nyeres £1a exmbsy sarem esenl  {ed
~uvgo & pouysp 003 doaasp 0f ofqey] st pooy Laeay £104 © Wl 33ym( o) 58
‘ouo of1e| ouo teq) ofvuem o) 2015e0 punoy og Afjriouad i sxlom Tms
Jo Isqmuu ¢ *[0AS] POOY [PHIOU JROQY 10 3v paxg eq Avw 45910 o3
“I10M UTEW Y3 MO[BY EOUEINIP B]EISPISTOD T 9T 10ALx Juoled ogs Smutofox
‘sse18 pus ,an YA pdIecd [|9M 8[OTULHD PIYIESIP U  ‘TABIIE UM
o7} WOIj MEIp ¥ oesned 0} Aouopus) ou eAty ||ta Kol 0aym Pagwao] oq
p[noys eaoqe 0} paxrejex sxtes [jids pooy eyT~— sxoM Tdg poory ‘Il
ros aqs Jurmolpe Ljejep
-omm1 9nq esoysfur £1no00 91 )1 parpomos Apses puv [yews st pdeaeso
£q poug Sureq srom o3 yo wSurp oyy ‘s3I0A JOUTI eseYY I0F PUNOY °q
Lyjereued ueo sats Lep 20 Jopjnoq sv pus ‘aof JusuriaAns pus ua Fma

<8 SMHOM



08 CHAPTER VI.

8 weir ig pmvidec'i against by spurs and groynes which lead the floods on
and off tho weir in as favourable a direction as possible, 8o as to avoid
oross currents, and by using large quantities of heavy material in the
form of loose curtains and aprons below and above the weir, so as t

provent the light sandy bed of the river being eroded by scon,r. ’

It will be seen that the first two destruetive actions can be simply
onough provided against, although they often involve considerable ex-
penditure, and always require exparience in the arrangement of proper
training works, The third main injurious action, “creep”, is much more
difficult o counteract ; its occurrence, particularly in the earlier stage, is
not easy of detection, and its results are both disastrous and very -broul;le-
some to remedy. The means to be adopted to provide against creep will
be specially roferred to in desoribiog the details of canal works.

The casé of built structures as distinguished from loose stone weirs
will be first dealt with., On boulder or strong clay soils, solid conerete or
rubble stone foundations will be moat suitable, and can usually be laid
without any special precautions, except those required for the removal of
water, but in sand it will be found necessary to use square or oblong well
blocks owing to the difficulty of cxcavating sand in water. These blocks
can be used either as fouadations to support the weir structure, or as a
coffor-dam within which it can be constructed on a solid conorete base.

Whea well blocks were originally used as the foundations of weirs, it
was presumed that with piles driven in the intervals, they would forma
continuous barrier to tha creep of water from above the weir, but as it is
in practice impossible to ensure perfectly vertical sinking (see Fig. 50,
Plate 1X.), it ia evident there can be no advantage in this respect, and the
best method of getting in the foundations is to use the blocks as coffer-
dams. Even wheun used as coffer-dams the lines of blocks should be filled
with concrete, and left as part of the permanent structure to which they
will form valuable additions as curtain and drop walls for the protection
of the weir from injury by local erosion of the river bed in its vicinity.

The floor below the crest of the weir should be designed of a width
end strength sufficient to withstand the turbulent action of the water fall-
ing over the crest wall, and be heavy and water-bight enough to resist the
upward pressure of the water held up above the weir. Asit will be shown
farther on thab this latter force is more or less under control, it will be
gufficient for the Engineer at this stage to decide on the width necessary
for the weir floor on the first consideration only, and if the training
works are properly designed, the heavy action of the water falling over
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98 CHAPTER VI

will act under that work with forces in the direct proportion of their
distances from the point of application to their points of exit.

The application of this.principle to the protection of a weir will be
quite clear if the practice of building floors with a wide grouted and
impermeable talus below the crest be compared with the system of up-
stream water-tight aprons as recommended in the Report, Appendix VIL

An inspection of Figs. 51 and 52, Plate IX, in which the worst case
is taken, 4.e. when all the water ia the river is going into the canal, will
show the great difference there is in the upward pressures P and P’ at
any given point on the weir floor or talus. It will easily be understood”
that there are two actions to be guarded against, wiz. the tendency of
the head of water above the weir to blow out the sand directly from
under the masoury work in a longitudinal direction, and secondly, the
carrying up of sand from below with springs through minute cracks or
crevices in the masonry work or grouted pitching. In practice, however,
the first action only takes place under broad weirs, when local’ springs,
carrying up sand from pockets below, have cut up.the original great
width into isolated portions which can be blown through one after the
other,

In each system the length DC is taken as impermeable, but a grouted -
talus, such as shownin Fig. 51, can rarely be kept perfectly free from
springs, as it is liable to slight settlement, and wherever a spring acts,
except quite close to C, where the pressures are low, sand will be carried
up by the spring water causing a hollow below, and more settlement.

In plain pitching dangerous springs bringing up sand cannot act ; the
surface open for the emission of water is practically unlimited, aod it
will be at once understood that a spring cannot carry up sand with it
unless its exit or channel be sufficiently confined to induce the necessary
veleelty. .

In Fig. 52 the length of puddle from D to the weir crest is also appar-
ently subject to powerful upward pressures, but these are more than coun-
teracted by the weight of the water résting on its surface. In Fig. 51,
on the contrary, there may be little or no water pressing down the -
material of the weir and talus, and the Water the material is immersed
in reduces its effective weight by 62lbs. per cubic foot.

The sheet piled terminal at D (Fig. 52 1s primarily a protection from
scour to the puddle apron, but it also tends to reduce the danger of longi-
tudinal creep in an efficient magner, by reducing the head. '

It will be seen now that when the quality of the sand on which it is
proposed to found a weir is known, by using the data given Ia
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100 CHAPTER VI.

evil, bub proteclive works will always be necessary, unless the canal
c‘f]annel can be.align,ed S0 ag to run at a considerable distauce from the
river; this is rarely possible without entering the bangar or high table-
land in deep digging.

The advantages of maintaining a deep channel in the centre of the
river are 80 greab, that a short length of the crest wall in the centre of the
weir might, with advantage, be fitted with a double set of grooves and
planks or shutters (s¢e Fig. 53, Plate IX) to be removed either before
or for a short time after the floods, but while the river wag still carrying
a supply in excess of canal requirements. These secondary sluices would
enable a centre river channel to be kept open which would help to proper-
ly direct the next season’s floods. The diagrams (Fig. 54, Plate IX)
show the bad results of flank and advauntages of centre channels.

The floor of the under-sluices should be at least on the level of the
normal bed of river, and not less than 2 feet below the floor of the canal
head. It may be depressed below the river bed without objection, as the
sluices invariably cause a retrogression of level in the bed of the river
below. Indeed the floor level may be fixed considerably lower than the
river bed if the foundations can be got in with economy, as the remedies
to heavy retrogression below sluices are always expensive, If the founda-
tion difficulties are excessive, necessitating the floor being built at bed
level, provision should be made for a massive talus consisting of a series
of bars with gently decreasing surface levels, connected by layers of
pitching (see Fig. 55, Plate X).

These bars, which may be composed of crib-work, masonry well blocks
or heavy dry stone-work, canbe constructed as retrogression proceeds,a.nd
are necessary to keep at a distance from the sluices the deep hole which
is always formed in the river bed below by the rush of water through
the sluices, unimpeded as it generally will be by dead water below.

It may be mentioned here that the deep holes which so frequently
occur below the weir and sluices, more particularly the latter, are formed,
as a rule, by the low cold weather supplies or during falli'ng floods, and
not by the maximum discharges of high supplies. This is due not only
to the absence of back-water, but also to the greater scouring power of
clear compared with heavily silt-laden water.

The inevitable desp hole below the sluices musb be acce.Pt'ed whe
river bed is composed of sand or any friable material, but it need floﬁ be
considez:ed dangerous; indeed it will be advantageous as prov1dmg a
‘cushion of water if kept at a distancefrom the slmices and paved with

hard material. .

n the
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102 CHAPTER VI

Plate X) This seour would be induced if this groyne did not exist by
the varying surface of the supply immediately above the sluices compared
with that above the weir. When the weir is o very long one, particularly
if the main river approach is divided up by islands into several channels,
similar groynes at intervals of about 250 feet should be provided for its
protection.” These groynes will offectunlly stop the formation of islands
immediately above the weir, and prevent parallel scour; they will also
give great facilities for training and dirceting the course of the river by
means of the weir shutters, which can be opened or closed in any desired
compartment, .

The length of up-streara groynes should depend on the nature of the
river and the direction in which the cold weather channel approaches the
canal head.  As they cau bo lengthened at any time, this dimension for
original construction is not o matter of great moment, it will be sufficient
to cstimate them of a length equal to the width of the proposed compart-
ment in the weir. ‘

The cross section of those groynes may be a trapezoid, with side slopes
of 2 to 1, The ends or noses should be sloped off at 1 in 10 uutil they
meet the level of the river bed (sce Fig. 59, Plate X). They are
casily founded by utilizing the scouring power of the cold weather supply
which should be directed on them during building. The clear water will
scour away the sand in front of the stone as the latter is advanced, and
this economical method of construction will generally give just the proper
depth of foundation which, for estimation, may be taken at one-third of
the height of the groyne abova bed level, no allowance being necessary
for excavation or pumping (Fig. 60, Plate X), p

The hearting of these groynes may be made of sand with advantage, as
this reduces expense and makes the groynes water-tighi.

.The provision of sufficient pitching on the bed of the pocket above the
sluices must not be neglected. Owing to the presence of the up-stream
groyne, there will be very little of that boiling action in the water above
the sluices, so common and destructive to the bed, when the'supply
reaches from different directions ; nevertheless, the velocity will be con-
siderable in high floods, and when the sluices are used for scouring, a
paving all over is required close to the sluicesand canal head with parallel
bars of hard material as far as the groyne extends : o most excellent pro-
tection sbove sluices is the puddle and conerete apron recommended for

the weir. _
To fulfil all requisites, under-sluices should be calculated to discharge

the maximum snow water volume of the river with water surface up
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104 CHAYTER VI,

to provide for raising the gates clear of any possible high flood level, over-
head masonry or iron ways will generally be required. High masonry
superstructures on works like under-sluices liable to heavy action are,
however, objectionable, as they are very likely to develop cracks from
unequal settlement, and it isalso difficult to make such high buildings
architecturally harmonize with the rest of the works without going to
considerable expense ; and the simplest and neatest method is to combine
the high lift with the gear carriage, and to arrange a neat iron super-
struoture for suspension alone. The motive power hitherto used has
generally been manual labour, but turbines fixed on one flank could
easily be adapted to this purpose.

For reservoir dams where the sluices partake of the nature of culverts
and are often totally immersed, screw lifts are almost a necessity; such
slnices are subject to great wear, owing to the high head, and are very
difficult to repair. As the permanent supply from these works is always
moderate in amount, i} appears possible to take the irrigating supply out
by large syphons which would enable low level sluices to be alt‘ogether
dispensed with. When it is necessary to provide very wide and high
openings for under-sluices, the power required to lift the gates may be
| greatly reduced by building the latter in sections: thus, a gate 20 feet
't wide and 16 feet high might ba divided into_four sections, each 4 feet
| high and 20 feet wide, each section being arranged so that when it has
{ been lifted say 6 inches or 1 foot, the one below follows it. If after
‘% raising the upper sections of all the gates, a short period is allowed to

elapse for the water headed up above the gates to escape through .the
openings, the pressure on the gates will be reduced, and the lower sections
can be raised with comparative ease. This systemis specially adapted for
reservoir dams when the water of streams with a small cold weather dfs-
- charge is headed up to a considerable height. It is also particularly suit-
ed to situations where it is important to avoid silting in channels l?elow
by taking off the comparatively clear surface wabe.r instead (?f thte sils or
shingle-laden bed stream. A plan of gates on this systemis given in

Plate VIII. These regulating gates are also suitable for canal and dis-

tributary heads.

A fish ladder is an indispensable adjunct _to_sa-weir, and should..be
placed so as to benefit by the rush through the under-sluices, as a rule the
only water passage for the greater part of the year. At all the large

Indian weirs immense numbers of fish collect when the supplies in the

rivers are low,and the preservationof such a valuable food reserve should
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06 CHAPIER VI,

understood from a glance a4 the disgram (Pig, 64, Plate XX), which repre-
sents the currents often observable below a long weir dunng heavy floods.

. The currents rushing back in the direction of the weir erest are due to
the natural tendency of the high water at A to fill the hollow at B: the
eddies thus formed cause local scour and the deposition of sand banks,
and the normal direction of the flood is destroyed. The walls as proposed
(see dotted lines in Fig. 64), by preventing lateral spread, will counteract
this tendeney of the flood to swirl, and when the walls are continued for
o short distance beyond the point where the water surface attains its nor-
mal level (ses A, Fig. 64), they will return to the flood its proper direc-
tion which was temporarily lost from the interference of the weir.

A practical example substantiating this theory may well be given, The
Machua Weir on the Ganges Canal has a short length of erest eompared
with the supply often passed over it. Boefore the revetments AA’/ (Fig.
65, Plate X1) were buils, the currents followed the courses shown by
the arrows, and navigation was carried on with extreme danger and diffi-
culty, the hole below the talus was about 19 fest deep.

The construction of the parallel revetments not only stopped the reflex
currents, but reduced bhe depth of the scour below the talus to about 10
feet. This was quite in accordance with the well known fact thdt swirls
have great scouring power compared with direct currents of equal velocity,

The talus proper of the weir should certainly extend beyond the point
ab which the water below the weir regains its normal height and velocity.
It is best constructed of three distinct qualities (see Fig, 66, Plate XI)

v A, of considerable thickness, faced either with large blocks of stone

or with crib work ; a curtain wall is usnally provided.

B, of loose stone less in thickness than A, but still massive, and
protected from removal by a row of sheet or pole piling.

C, the curtain of loose stone ; the settlement of this length as a
facing to the hole below the talus is anticipated,

No weir, however massive, can be considered safe with an insufficient
talus; no expense should, therefore, be spared in perfecting this portion
of the weir,—The..actugl length_required depends on so many vmrymg )

{ .conditions thab a general rule-is-not possxb!e but three or “four mmes the i

Sl FAM el B

width of the weir floor will.he sufficient in mms,gga

“Yaaddition to the talus or curtain below the weir a loose Stone apron
is required above it to protect the river bed from injurious erosion ; the
dimensions of this apron ean be considerably reduced if up-stream groynes

are provided.
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10 B CHAPTER VI.

s natural watershed; great care being taken when crossing old channels
to be cortain that the flood spill passing down them hasa free exit back to
tho main river from some point above and near the crossing of the em-
bankmend, It is excollent plan to make these banks, which may often
oxtend to soveral miles in length, wide enough for a driving roadway, and
to plant broad bélts of suitable trees on tho level ground at each side.
The roadway facilitates inspestion, and the trees afford grateful shade,
nod are a usoful protection against scour, aud availableat all times for
upars or other repairs, Where likely to be expesed to scour, the embank-
went should bo protected by cross groynes, and it may here be noted
thas it is nccessary to apecify that all the earth for the bank e taken
from the river side, in long parallel unconnected borrow pits (See Fig, 68,
Plats XTI). '

Thesa excavations will be filled up in the course of years by the river
silt, and do not increase the head on the bank during floods as outside
pits would.

After some years the goperal surface of the country between the em-
bankment and the river will be found to rise from the slow but steady
flood deposits; this teadency should be encouraged by the construction of
warping cuts from the river to local hollows, care being taken not to draw
the main streaw from its proper course towards the embankment. The
broad stretches of khadir land lying beyond and outside the embankment
are very liable to lose their rich fertility when deprived of the annual
deposits and washing formerly given to them by the river foods, Flood
spill weirs, if constructed, will partially remedy this, and there will be no
danger in constructing special eulverts for the same purpose if they are
well founded and protected from injurious action. It must be borne in
miod that the function of the flood embankment is to control the spills
of the river, and this does no¢ of necessity include shutting them out
altogether, though fot infrequently this last point is lost sight of.

17. 'The Canal Head,—The splay of the canal head with a perpendi-
cular to the centre line oil@,éjibir.nughtnobtaameed&& Skew heads
are very expensive tobuild and complicate the regulating machinery; this
gmall splay is useful in giving a good direction to the entering currents—
a greater splay than 30° would cause silting up of some of the bays.

The lower wings can either be parallel or splayed to suit the width of
channel; the velocity of the main canal being slow compared to that
below the sluices, there should not be much action below the head, and
although a talus is necessary, yet it need not be designed on the massive’
preportions required for the weir.
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' a curious aud as yet unexplained wave, which periodically at short

. even number of bays ; when the number of bays is odd this wave_aetion
* is not_noticeable. Gauges are required at the following points on head-

110 OH APTER V1.

canal will probably take up the lower river navigation, and during
periods of short supply the river bed below will be practically dry.
During tho floods, rafts can pass the weir over the crest where the affux
i3 slight.  If, however, navigation below the weir is considered desirable,
the lower lock can be usefully combined with » dry dock, by widening it,
and providing benchos or slips at a level below high and above low

supply.

19. (auges.—The wave or constant fluctuation in the surface of
large bodies of water, or even small volumes when fowing rapidly, is
greab enough to preclude accurate reading of the levels béing taken
directly on n gauge fixed in the stream., The difficulty is, however, easily
gurmounted by providing what are called still-water gauges.

These are simply ordinary gauges fixed in s well or cistern, the
supply in which communicates with the river or canal water ourside
through a small hole or pipe half to oueﬂljgig{_ an inch gg__(ﬁawzggfer,
The level of the water inside the cistern will be found to remain steady
at the mean level of the undulating surface outside, and readings can
be made on the guuge to any desired degree of accuracy. On large
works it would appear desirable to record the variations in the mean
lovel automatically by an indicator. Regarding undulations in ~(;h.e‘
supply passing through a regulator, such as the canal head, etc., thete is

intervals, rises aud falls in cach alternate bay of all regulators with an

works :
Above tho Weir.—Zero at crest level. Gauge to be fixed a little
above the point where the water surface begins to
drop over the weir. A gauge on cach flank of a
long weir is necessary, as there is frequently a
copsiderable difference in level between these

points,

Below the Weir.~Zero ab floor level. Gauge to be fixed a little
below the point where the supply attains its
normal level after passing the weir,

Bolow the Canal head.—Zero at bed level for the point where gauge
is fixed, which should be at a convenient position

for taking discharges of the volume.
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119 CHAPCRR VI,

21. Temporary Head Works~A general doscription of houlder
head-works has been given slready, bug it is here necessary to enter on
s fow details of the vonstruction of the different works,

‘l‘he? simplest .form of temporary head-work is an embankment acrosg
tho mawn stream with water-courses leading away directly from the river
banks; un. escaps channsl through high land round the flank of the em-
bankiwent i3 usually p'rovide:d to provent breaches during freshets, This
zz'xebho(} of construction, simple and cffectual as it may appsear at first
gight, 1s however, open to many and grave objections. If applied to rivers
in the boulder stage, or in the sandy stage with high slopes, the embank-
ments, usuelly very long, will be liable to breaches just before the rains,
when storms are frequent near the hills, and the irrigation supply of
peculiar value lower down tho doab. The embankments may be main-
tained through minor floods, if great care is given to regulation by the
temporary escapes, but they are never really safe and always a source
of anxiety to the Cana) officialg aud distress to the irrigators. When the
system is applied to streams in the clay bed stage, the temptation to
construct o strong and massive embankment is’ irresistible, frequently
with the consequence of il remaining intact during the rainy season, the
floods passing off, partly over the country, and partly through the earthen
ascapes and watercourses, which, scoured out and enlarged by the passage
of large bodies of water, have to be repeatedly abandoned and re-dug in
different situations. This process destroys large areas of valuable land,
aund interrupts the natural drainsge; indeed, on the sites of embankments
of this nature which have been maintained for long periods, the river
chanuel is usually quite obliterated and its original course nnrecognis-
able. Then agaln swamps are formed: it is usually so easy to raise the
supply above the embankment to the ground surface, that this is nearly
always dono, with the result of turning the river bed above into a
reservoir, in which jungle, grass, and weeds thrive with luxuriance

{sce Plate XI1),

The cost of permanent works in rivers near the hills with small dry
season supplies, broad beds, and heavy floods, may preclude their construc-
tion. In such cases the temporary embankment may be accepted as the
only feasible system of utilizing the supply avsilable, and the advent of
the raips muss then be considered the limit of the irrigation season for
the year, unless a side channel exists suitable for apecial works, or a
portion of the flood supply can be forced into the canal by a groyne or

spur.
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114 ' CHAPTER VI

Neglect of this precaution would eause scouring of the bed, and possibly
provons the succesisful completion of the bund. When the first operation
1s.complebed, il river water, except that going down tho supply channel,
will be passing through the eribs.

Cribs cif this pattern can be manipulated up to 25 feet in height and.
successfully Taid-in' 20 feet of Water, or even a little more, if a double row
is used ; but depths beyond 12 to 15 feet .are objectionable, and ‘where
tho river shows signs of setting up deep local scour, boxed masoﬁry
bars should bo put in to counteract this tendency. It is nob necessary
to carry the crib bar aver shallows where plain boulders or gabions will
stand.

Whenall the cribs have been laid, the bund can be slowly raised by the
deposit of layers of boulders in the cribs, care being taken to keep the
same level throughout, When completed the top level should be at least
4_feet above.cold weather supply level to provide for freshets ; at this
period of constructionall the river water, except theleakage through the
bund, will be passing down the supply channel.

It is presuraed that the operations to give o supply to the canal are
commenced 83 soon after the raings as the state of the river will permit of -
o rope being got across and work put in hand, When properly conducted
therefore, the gradual fall in the canal supply which would have resulted
. from tho usual reduction of supply in the river after the rains, will be
neutralized by the steady construction of the bund; in the same way the
further operations for closing of leakage should be carried out as the level
in the river gradually falls to the cold weather minimum.

The leakage is stopped by filling the interstices between the boulders
in the bund with shingle and sand, and by constructing supplementary
bunds below the main one which force the supply through secondary cuts
into the supply channel below,

To stop leakage in the main bund a quantity of loose shingle is first
thrown in front of the bund : this is partly drawn in between the boulders, -
but the balance forms an even bed for a mat (Fig. 73, Plate XI)
roughly woven of coarse grass, which is placed in front of the bund, care
being taken that its lower edge lies well forward on the natural bed of the
river, This mat will be forced tightly on to the face of the buad by water
pressure, and can then be wellloaded down with sandand shingle ; & large
proportion of the leakage can be stopped off by this process.

The supplementary bunds are constructed in a sirilar manner to the
main bund, but usually cribs are not required.
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116 CHAPTER VI.

situations would be only practicable in solid masonry with a vast ex-
penditure of expensive material, and the buildings are so liable to total
or partial destruction from the enormous forces acting in exceptional
floods, that it would not be judicious to invest large sums in works, the
duties of which can be well carried out by cheaper and simpler, if per-
haps not so permanent and handsome, structures. Experience has shown
bat the best type of revetment isa . well made crib..work  filled with
hard materml left for two or thred years open to the deposxt of gravel’
or silt in the interstices of the filling, and then faced with a layer of
masonry. This system has the advantage of spreading the expenditure
over a series of years; no slight gain in the case of a reproductive work; .
and allowing of additions and extensions or alterations if experience
shows any of these necessary,

Fig. 14, Plate X111 shows a common form of revetment, the crib
boxes on the level of the river bed, forming the toe or apron, being
firmly tied to the slaping cribs by long poles nailed or bolted to all the
uprights. The'wobdwork for these revetments should be of the best
round timber procurable, the joints, where not nailed, or bolted, being
taper tenons well wedged with hard wood.

The position of the future masonry facing is also shown: before this
is placed the top lagging should be removed, and consequently it will be
found economical to construct this portion of the work of inferior timber,
as it will only be required to last two or three years.

The whole structure is intended to be filled with well packed, and
for choice split boulders,

The terminals of these revetments should be carried well into the
natural river bank, and can, with advantage, be further protecbed with
short broad groynes_of similar construction, sloping at from 1in 5t61 |

g ———— - -

620 down to the level of hhe river bed ‘and protected with aprons s ‘when

s S Pt Ve S

the revetment is very long a series of “such groynes will be found ad-
vantageous spaced at intervals along the face.

As a general rule the head of the supply channel will require no re-
gulating works except revetments, which maintain the width only of the
channel constant without affecting the depth. Two of thess revetments
will run.to.a-point.at-the-river_side oLth&head_,q&xg\supply y chanael ;
and this point technically known as a (,x,edan will require a specially
strong system of congtruction, as it is e'cposed to the full force of the

floods,
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18 DUAVTER V1.

In this cuve to secure room for sufficiens fank defence of tho regula-
ting dun at the eanal end, the main lougitudinal dividing bund should
terminate on i natural island opposite the canal head.

S will nearly always bo foynd neeeasary to warp up the lower portion
of the aupply channel with bars: but if this process is commenced “befors
the other canal worky have been far advayced, the expense will not bo
Beavy, as comparatively few bars will raise the bed enough to placo the
dam out of dauger, w4 a few years can be allowed for the deposits to
accurulate.

25. Canal Head and Under-sluices for temporary Head Works,—
The general arrangements of the canal head wnd uader-sluices for tempo-
rary headsworks will bo similur to those required for permancat weirs, bug
in design they should be massive enough to withstand the heavy action
they will be subjected to i boulder bed rivers.  These works are always
placed a2 the poiny where the supply channe! rejoins the main river and
the canal coters the permanent excavated channol, ‘l‘hp desiga of the
canal head requires special netention in thres particulars, vis,, it should be
eituated o that the tdoods in sweepiug past will not eddy, or. form a back-
water depasitiog shingle in front ; it should be capable of being ontirely
and steongly clowed against the entry of water iu the highest possiblo
floed, and the gates should by arranged 50 as to take off surface water only
when amall aupplies are required in the caual during food time, The
under-sluices must bo capable of disposing of all the flood water that can
reach tho point where they uro situated, und us the heads of the outs,
from the main river which feed the supply channel are open and unobs-
tructed, the quantity patsed down<during the floods muy be considerable.
17 the heads of thess open cuts ara pruparly vevelled end their dimznsions
szli(u.b{y caloutated, the amount of flood water passcd into the supply
chanuel will be fairly under control, the bed of this chanunel will retain its
proper reginen, and the sluices will not be over-loaded. This necessary
coudition can be still further onsured by the interposition of one or more
gscape or relieving dams in the supply channel between the feeding cuts
and the under-siuices,

26, Bscape Damg,—An intermediate escape dam from the supply
channel is o work intended to act as a safety valve to relieve the strain on
the under-sluices in flood timo. Escapo dams may be of any suitable
design, and should be situated in the bank of the supply channe’l next the
wnain river, with a natural or oxcavated branch leading back to it. As a
general rule it may be accepted that regulating arrangements ab these

\
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120 CHAPTER VI,

scouring sluices, works which in any case can well be postponed until an
urgent necessity for their construction is felt.

Mr, J. T, Farrant, who has had great experience with silt operations
in the Punjab, states in his Report (Punjab Irrigation Branch Paper,
No, 9)— ¢ the conclusions to be drawn then are that only very light,
probably micaceous sand is held in suspension and carried forward by the
water, that all the coarser sand travels along the bottom ; that the siliing
of the canal ig almost entirely due to sand rolled into the canal - from the
river bed * * = 7 '

28. Torrent superpassage works.— Between the point at which the
line of the canal channel leaves the river and reaches the main watershed
of the country, it nearly always happens that drainage has to be crossed,
and whatever the quantity of discharge may be, it is necessary to provide
for its disposal, so that neither the canal itself nor the adjoining country
may be injured. When the drainage lines crossed are important streams
close to their debouch from the hills, the structures required to dispose of
the floods ure called torrent works; when the drainage interfered with
by the canal is comparatively small in quantity, moving with low velacities,
or when it is a case of drainage lines requiring adjustment by reason of
the construction of irrigation works, the operations required are termed
drainage warks.

There are several methods of adjusting torrents so as not to interfere
with the-canal, The most general works employed are Diversion, Super-
passages, Level Crossings. Agueducts, Inlels and Outlets, Reservoz'rs. and
Training Works, which last class of work may be considered a concomitant
of all the others, being gencrally required to maintain them in the con-
dition in which they have been constructed.

29. Diversions.—Drainage is diverted by altering its course so as to
make it run clear of the canal: this expedient is often economical, but
can only be thoroughly successful in special cases, because the dwersx'on
must cross a watershed and pass through elevated land; the cut will,
therefore, have to be very wide to be fit to cope witll} exceptional floods, It
may be taken a3 an “axiom ” in all drainage opferatxous, bha? the proper
course for a drainage line is along the true dram:?.ge depression, and that
short cuts through watersheds, however convenient they may appear ab
first sight, will almost certainly lead to ine.fﬁmenb worlfmg in the future,
For torrent adjustment, however, a (%i»re'rsxon may at times prove a necess-
ary expedient in view of the prohibitive expenmse of other means of
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129 CHAPTER VI

purpose it is often expedient to build a fall in the canal, combined with
bug sixbuated above, the superpassage; this will help to give the headwa);
required, a lock being provided for navigation purposes,

Apart from the special difficulties of construction, selection of suit-
able point of crossing of the torrent, and level of fler, a superpassage is
a simple work to design, as it is merely a bridge with purapets high
enough fo contain the floods, The peculiarities of the flow of water izm
torrent beds have been mentioted previously, and will require careful
consideration when a work of this nature is being designed. The cons-
truction should be massive and of the besh material, the wings being
carried well into the canal banks to avoid any danger of the torrems
breaking round them into the canal. The foundation should, if possible
be & mass of concrete laid within a coffer-dam ; but as these works are o;'
necessity built at a great depth below the bed of a torrent, considerable
difficulty from springs must be anticipated during construction, and the
proper foundation to select can only be determined on the results of care-
ful borings into the subsoil, There are no substantial objections to
founding a superpassage on well blocks if good conerete cannot be put in,
If 2 canul fall is combined with a superpassage, a protected puddle apron
above the fall on the bed and sides of the canal” will be necessary 'to

obviate creep.

Properly designed training works should be considered an essential
part of a suporpassage,.and indeed of every torrent work. The whole
surface of the area draining across the canal must be demarcated, levelled,
and oxamined with great care befors any of the works are finally decided
on, and bhe mep thus prepared, should form the basts for the design of
o complete series of training works, consisting of groyues, spurs, cuts, ete.,
arranged so as to rasintain the proper direction and depth of channel of
the torrents and streams as they approach the canal works.

31, Level Orogsings.—A level crossing is a work constructed so as
to pass the flood water of a torrent or river through the canal on the
canl bed level. The nature of this class of work will be easily under-
stood from (Fig. 16, Plate XIII). B is a regulating bridgeacross the canal
channel provided with the usual gates. A is a dam across the channel
of the torrent provided with flood gates. Under ordinary circumstances
A is closed and B is open, so that the canal water flows along as usual,
flooding however up the torrent chapnels as far as the bed slope allows.
When the torrent is in flood then A must be open and B closed, so that
the flood water may cross the canal and flow down its own channel.,

v



*qrom figosve qara Joqun eqy Surosidex £q s2an3onyys Juonvwred
opumz oq uwy smy jo §50901d T exvq 0sAYY, [erIotees £Avoy IGO0 20
sIop[noq gys papro] sreq quo Suolls jo SIS B JO WOTINIISTOD oYy Aq
SIn000 91 §B 93m 9q pinoys pat ‘fjurvyroo gea pejedingue oq Lemr [aas]
paq jo uotssasForinx Apwoss v gy st vmoaroy eyy jo odofs poq oy Jr pue
fanoos moxy norgoaqord [ewads saxtnbax poq 1ealr 3y wwp oyy mojeg
Amouooe o{qumoSEd QLA Pre| oq weo ey}
yt ‘ouaoyyerd opppnd eanuses v 2040 proy Furgoyd earprajord jo £jddns
1eaaq] v soxmbaz ‘101undox oy amojdq pue oaoqe pur Juwssoln eyy jE
poq [ened ﬂqm 'op(sqns 0} SB‘EGq pDOB aqq £8 U00E b J9EM SOE;JI\E woxy
yeawo oyy o} Liddns oys 103831 03 8 08 Maeyyed Sunepndor oy Jo oq
o1 qydno saped oveyy,  Aqprduz L1eA [ouueyo oq3 dn 4p1s plucA ‘poryrmpe
JU gomgs oA poop molj ao(aq femed oy go Jmsop Lpjeidmos ‘Lupap
£ur gnogya paddozp oq wes Keyy qvyy os Suny oq pinogs JojemBes ogy Jo
s09¢8 oqy, ‘oisp oq3 2veu dn 995 o Tya govoxdde jo £3t00(04 g v pur
*poso[o ST pray [etLo 93 {13un pooy Juaxzod o3 ytiu Suore wep oy gSnorgy
ssed 09 onuryupo jjea £ddus peavs egy ‘yuy jeues oy} gya pauado &1 wep
ot udYAL aSNEI3( INods WOl) paq oY% 03 ToTi0toad puw s}ueq o3 wo Jan
+32101 nambax [t Far3c010 973 GAOGT GITTIIP OTOS J0F [UULD [emTd BYT,
Azvssavom oq [jta swonwooad frwoeds Sucwojjop ey 4nq ‘dangen siqy
Jo syJow 1egio 0y paxmbax osoy) o3 xsjruis eq ({4 Sussod aso] ¢ Sur
~stidaroo mrep par 20juinar o3 Jo UOIGINIYSUOD Jo s{rerop TLI0T oYy,
"1 J2o4 03 4ods eqy
o oUW JO UIGSIGLISD d ¢ Juydaay jo &y SY3 S|ITIUD T
Jeny st Suiscoo [949] © jo advimvApeap L0YI0UY  WOG) AISIM 0} UITHIEd
2q P[ROA YOIGA SPOOP 3Ud110} OF} Jo xnpur Lue woiy paodjoxd Ljyny
o182 oq pinogs sadesed ooy $nq ‘[eusd ogy 1apun 4t ssed o} smoydds 10
sjeuuny opraoad oy Lrussoosu eq A gt *Azqunco ogg o8eazep 03 Kyoxrp o1
Payoolq sngy efearerp eyy JY  (vaS2 93 UI JAYTA JO ydap 073 10 302x2
agy 01 [eued oy} Jo epts meaays-dn uarzey oys uo £13uncd a3 Jo efeueap
[emgea oq3 Fro[q ([t Sutssord (aso[-oqs Sutmuns st femes oY} WOy
ruoysank ey} o gno aq pluos uoydLs e ‘pooy
a1, UM TM0p 0nI0d 03 K199y, 9118 s1iqep Smileoy Jeugo a0 sIOI UAUA,
19184 wape] |18 Jo senujwenb oSie; A1ey yo eoweloauod o) o syiom
s[qe1nsun pus sawuadxa fjoq e1v suogdds pue ‘91 uogd4s eq piros [emEd
oy} ssoroe poog juaao} ¢ Smissed Jo sweom J3yjo0 Ajuo oy 0¥ ¢ worjonly
5002 Jo Awmonoos earjuzedmos pou ‘zupys ydis L1941 v Hua Yo passed oq
£vox spooy Lxeatprosiize jeqy ‘[eass oqy oy edeoss Saneinar tmewmge
UB ST 810T WP oY 48y} ‘Pag [LUTO 8y} W 4]IS JUTII0) Jo s11-0dep snotnl
-t jo xa8uep o[391] st exaqy 18yy oaw Surscor [248] t jo sodbjuvape eqy,

jxa INEOM



124 CHAPTER VI.

The gates of the dam must bo arranged with catehes so that they can
bo dropped open at a moment’s notice. Floods in torrents with high bed
slopes often come down with great rapidity frém sudden flushes of rain
on the gathering ground, and as the passage of the flood is entirely
blocked by the dawm, .evenn fow minutes delay might lend at times to
scrious damage to the works.

The finest exomple of a lovel crossing as yet built in India is ap
Dhaoouri, on the Ganges Canal, where the Ratmii torrent is passed, A
skotch of the arrangement of these works is given in (Fig. 77, Plate X1II).
A plan of the drop gates used on the Dhansuri Dam is given in Plale
X1V, Thesa gales are simple to build and 8t ic place, and have acted
woll for a number of years.

32, Aqueducts.—An aqueduct properly spesking is a channel for
coaveying water cither ahove or below ground, but on canals the term
agueduct is genorally confined to the structure actually spanning a river
or other waterway and carrying the canal over it. When combined
with a long earthen elevated channel, it is called the aqueduct proper to
distinguish it from the embankment—all these distinctions being of course
"a mere matter of convonience, An agueduct only differs from a bridge
in baving to corry o water chaunel over it instead of a railway or read:
the bridge part may be made of wood, iron, or masonry, but for works
of nny magnitude, masonry will be found the most economical, lasting
and effective material,

The valley drained by the torrent or river over which the canal has
to bo carried will be embanked across in the usual way, care being taken
thet sufficient waterway is provided under the aqueduet for the maximum
flood.

Many engineering works can, with propriety, be designed to carry
baly ordinary maximum floods® on the ground that it will be more econo-
mical to repair the 'damagés of an extraordinary fldod which, though
possible in theory, may never oceur, than~toiuvest large sums in the
construction of works, larger than required for ordinary use, It is nob
safo to apply this procedure to aqueducts or to the major torrent works
of large canals, even though it may be financially sound as far as the
cost of construction is concerned, because thess works must necessarily
take = long time to repair or rensw, and the want of them will cause a
cessation of that unfailing supply of irrigation water which, on the open-
ing of a canal, becomes a necessary concomitant of prosperity .to the

tracs commanded by the canal,
* For discharges of drainage basins seo para, &4,
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126 OHAPTER VI,

The canal water wings of the aqueduct should be designed long enough
to make o thoroughly strong joint with the embankment, This will entail
considerable expense, as it is evident that unequal level of foundation is
not permissible in aqueduct design, as this would inevitably lead to unequal
settlement. It is also necessary to equally' proportion the supporting
power of the foundations of tho parts of the structure to the weights they
will bave to carry, so that whatever settlement does occur may be uniform
‘for the whole building.

The weight of an aqueduct londed with water must be considerable in
any case, and every means of reducing the pressure on the foundations
should be considered : thus, when the flood headway is ample, it may be
found judicious to adopt arches of a considerable rise with hollow span-
drels, the floor being carried on minor spandrel arches.

The canal chanuel of the aqueduct must be made water-tight : this,
oven when theleakage is insignificant, is not merely a matter of appearance
but of necessity, because the water slowly percolating through the floor
dissolves and carries away the lime of the mortar with it and weakens the
structure. A layer of well-puddled clay covered with the very best fine
concrete will be found an efficient protection against leakage: the
dimensions necessary will depend on the head of water, but one foot of
puddle and six inches of concrete will be sufficient for ten feet of water
if the best material and workmanship is used.

If a suitable engrance and exit is designed, the canal masonry channel
of an aqueduct may be built of less width than the earthen channel ;
when economy is of great importance the width may be considerably re-
duced without causing much affiux,

Roadways arenecessary on both sidesof an aqueduct to ensure proper
ingpection and repair of such important works.

The embankments of an aqueduct will require puddle walls, unless the
carth available for their constraction is of very good quality; the bed
ghould be carefully protected from erosion by bars of hard material if' the
velocity of the supply is high. The greatest care is necessary for the
earthwork of heavy embankments and it will be found judicious fto carry
it from all the fanks, and to avoid the minor economy due to borrow pits
near the embankment itself. Water should be:used freely for consolida-
tion, and the retentive capacity of the channel tested frequently as the
banks are being raised. _

The Solani Aqueduct near Roorkee on the Ganges Canal, and t;h'e
Nadrai Aqueduct on the Lower Ganges Canal, are fine examples of this
class of work in the United Provinces, India,
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128 CHAPTER VI.

of high cultivation during the dry season by the flood deposits over its
surface. Tne engineering advantages are the regulation of the flood dis-
obarge caused by the reservoir, and the removal of the silt by slow deposit
allowing of a clear water discharge through the low level outlet.

An interesting example of this class -of work is given by the Ali
Resexrvoir, five miles below the head of the Agra Canal, United Provinees.
Here o lorge stretch of low ground was intercepted betweess the canal®
bank and the high tableland down which the Ali and Madanpur
torrents carry off to the Jumna riverthe drainage of the rocky hills on
the right bank of the canal, The floods rise rapidly but are of short
duration. The flood water first collects in the reservoir, and when it
rises high enough, the excess flows over the Ali_superpassage which
consists of an iron trough 30 feet wide and 10 feet deep, with a dis--
charging capacity of 2,000 cusces. The reservoirs cover 500 acres, and
have a storage capacity of 160,000,000 cubic feet. When the silt has
subsided in the reservoir, the valves in a water-tower are gradually
opeued, and the water below the floor of the reservoir is passed under
the canal to the Jumna. The reservoir bed is very fertile owing to the
deposits, and rich crops are grown upon it,

35. Rogulation Works.~-It is evident that the surface level of the
canal must fluctuate with the supply in the river and the demand for
irrigation, and that works are required to regulate it, Some of these
works can be arranged to work automatically, others will require
constant and careful management. Works constructed to obviate an
excess slope in the country over that required for the bed are also

included in regulating works.

Oanals carrying a considerable supply of water and feeding distrébuhary
channels, will necessarily require the constant interference of regulating
patablishment, but the ideal distributsry should automatically control its
supply once the head sluice has been opened and adjusted,

The following include the ordinary types of Regulating works : —

Regulators, Falls,/ Rapids, - Bars, Escapes, Gauges, Discharge Sites,
Telegraphs, 0

38. Regulators -~The special points requiring attention in the design
of the cansl head regulator are given in paragraph 17, and these remarks
are applicable to all regulators working under heavy heads of water
and to branch heads, though of course in a degree modified by the strains
to which the works will be exposed, Regulating gates taking off surface
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CHAPTER VI,

same timethe depth of water cushion at B was increased ejther by
ding a wall below the fall on the floor to form a rajsed cistern, or by
ing a deep cistern below the level of the floor.
The same results were attained by fising a heavy waved grating at A
ined over B, the water beaded upon the grating passes through the
restices with reduced velocity, as it were through the teeth of a comb
Fig. 79, Plate XIII). '
Briefly the objectionsto these remedics are as follows :-~ -The raised
A is non-regulating, and therefore only acts perfectly with the special
th of water in the canal for which it was calculated ; this difficulsy has
1 overcome by the introduction of the notched raised cill, vide para.
Chapter V. '
I'he cistern wall B answers its purpose well; it however, causes a
nd minor fall of water below itself, but this only necessitates an addi-
to the flooring. The sunk cistern C is also efficient as a remedy to the
kon the floor, but it has little effect in preventing the great reduction
irface level of water immediately below the fall, see B, Fig. 79.
cistern is also expensive to construct necessitating deep and unequal
dations of the fall, which is objectionable.
‘he grating D is efficient but expensive to construct and maintain, as
liable to get choked with floating débris. On the whole a vertical
with & notch raised crest and a low cross wall below a slightly sunk
rn appears the best design for a fall,
un increased velocity of departure from a fall must, under any ocir-
tances, be expected, and as this means a reduction in depth of water
is point, it is necessary to keep the long lower water wings and
ed revetments below the fall paralle] to the centre line  of the canal,
the surface attains its normal level. This will toa great extent,
:nt eddies, swirls and cross currents, all of which are increased if
be given to the water to return in the direction of the fall to fill up
epression, by widening out the wings below the fall—se¢ also Machua
, para. 14.
he pitching below the fall floor should be of the best quality, but
outed ; wood cribs and sheet piling are suitable to compact the
ing where the action is most severe. A strong loose stone bar 150 to
cet below large falls will generally be required as an additional
ction,
protected puddle apron above, carefully jointed in with the masonry
s cill, is an essential part of high falls, as these works are especially

ied to danger from creep.
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132 OHAPTER VI.

40. Escapes.—Esocapes are required in order to establish a compléta

control over the aupply in the canal. An escape consists of a regulating
head and a channel connecting the head with a natural drainage line,
In order to have the power of forcing the whole supply down the escape
a regulator across tho canal is sometimes included. The escape heed
is similar in construction to an ordinary branch head, but a fall helow
may be included with advantage, as it causes a better draw down the
escape. The channel, if artificial, will of course be designedto carry
t'he caleulated supply: If the chanrel is a selected natural drainage
line it will need very careful examination to ensure that all along its
course it is capable of carrying the required discharge without flooding
or injury to land or crops, The same remarks apply to the channel
into which an artificial escape chaonel ultimately tails, and it must be
remembered that escapes are liable 1o be run during times of heavy
rainfall when natural drainage channels are heavily charged with flood
water. ) .
An imperfect natural drainage line is often capable of such improve-
ment as will render it suitable as an escape channel, and, broadly speak-
ing it is generally better engineering to improve an existing natural
line than to dig an artificial chanael.

Escapes are also required at dangerouspoints of a canal, such as above
a long embankment ; in such cases they should be capable of disposing of
the whole volume of the canal.

It requires care and attention to details to allot the escape power
properly over a great length of canal line. The worst case occurs when
the canal is running full supply with a strong demand for irrigation,
and heavy rain falls suddenly over the whole tract causing floods, and
the immediate cessation of all irrigation. This involves the closure of
all distributary and branch heads unprovided with the means of disposing
of their own supply, and an increase in the volume of the water in the
canal from the rainfall itself, from inlets if any -such exist, and possibly’
from breaches in the canal banks, Now it may be assumed that the
canal supply will be cut off at the head from information received {rom
below as soon’ as that information can’reach the head (see para. 41), and
that the canal channel can carry the volume calculated for each of its
sections without injury to the works or the country.

"The data thus obtained should be laid down graphically on a chart,and
the.escape power fitted in to correspond with both the demand for it, and
the points at which it can be applied conveniently, Care must be taken
to ensure that the canal channel itself is designed so as to be capable of
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134 OHAPTER VI

oloso to the bottom. Discharge sites are required at the heads of alf
canals, branches and distributaries, and at any other point where it is
Decessary to pasd on certain fixed proportions of the canal supply to
authorities otber than those directly controlling the discharge at the
head.

Telegraph and telephose lines are a valuable, in some cases a neces-
sary, addition to the regulating power of a large canal. . The telegraph
office should be situated at the sub-divisional headquarters if possible, so
that the signaller may be usefully cmployed when not engaged on his
regular duty. 4&s the headquartors itself ought properly to be placed
whero a good command of the regulation is attainable, the telegraph
office will thus be near important groups of gauges.

Canal telegraph lines correspond with those maintained on railways
for clear line traffic, and should be open to the public on similar terms;
they will also be found useful for rapid communication between the
members of the canal estublishment, simplifying and reducing the ordinary
official correspondence. ‘

42. Communication works,—The ordinary works for communication
on canals are bridges and diversion roads, Bridges may be classified as
First class___{g_g_m metalled roads, requiring at leas_LIE feet bet.jveen the .
kerbs: Second class for Tninctslled roads; réquiring at_least 127fé8t ;"
Occupation, with a_ width between kerbs of-10- feet,

" Other ordinary classes of bridges on canals are those required for
Railway and Cattle crossing, Foot and Temporary bf'idges. G/uifs and
Ferries may also bo considered works of communication. On navigable
channels care must be taken to provide sufficient headway under the .
arches or openings of canal bridges for boats to pass easily when the
canal has its full supply. On up-country canals in India, a rectangle 10
to 13 feet high and 20 feet wide above high water surface will usu.a}ly
be found sufficient, Owing to this condition and the general necessities
of the case, the roand-ways of canal bridges are often high?r than the
general level of the country, and care must be taken t‘f provide proper
approaches so as to hinder the traffic as little as possible; the gradient
should never be less than 1 in 30, and 1 in 40 js_necessary on metalled
IQﬂ‘%'—‘will often be found judicious to adopt iron girders instead of arches
to support the roadways of caqal bridges, particularly ‘when a clear head-

i irable.
wayltl;s :ﬁ; be found economical in the end to metal the' a.pproaches to all
classes of bridges, as it preserves the earthwork from injury; the wear
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136 CHAPTER VI,

The borrow pits for the earthwork near bridges should be carefully laid
out 50 that the adjoining land may neither be injured nor rendered un-
sightly,

43. Navigation works.—1It is a maot point with Engineers in India
whether Irrigation canals should be provided with facilities for navigation
or not. The objections are the expense, both of construction of the works
necessary, and of maintenance and establishment, the reduction of velocity
of current to meet the requirements of navigation where the soil would
stand a high velocity, and the practical impossibility of competing with
‘railways in cost of transport,

Ifcanalas are looked on as purely commercial undertakings these objec-
tions must be held to have great weight, although the imperfect means of
transport hitherto employed in Upper Indis is no doubt responsible for
the high rates of carriage; but if canals are viewed as great Public Works
it is manifestly improper to construct a magaificent waterway through
o populous country, and leave it.blocked for navigation for the want of a
few minor works, In any case, however, navigation must be considered
» subsidiary function of a work primarily constructed for irrigation, and
the remarks in this section will be confined to the ordinary methods of
providing the means for carrying amall cargo boats round those works of
the canal which would otherwise obstruct their passage,

The works which are obstructive to navigation on a canal are those
where the lavel of the water surface is suddenly changed, such as Weirs,
Falls and Regulators ; as the obstruction by the latter class of work is
likely to be temporary, special works to pass them are rarely necessary.

Boats can be passed round falls and weirs by means of locks, or vertical
mechanical lifts or inclines. The lock can be built either as a pa.rh’ of
the major work, or &8 a separate structure conneeted with the camal by
navigation channels, vids Fig. 81, Plats XVI, .

The advantages of combined works (see plan of Regulating I‘e‘all,
Plate XV) are economy of construction and the direat rout{e obtained
for the trafic. The disadvantages are the danger of placing such a
heavily strained work, as a lock mus be from the frequent severe changes
of hydrostatic pressure on its structure, close to larg.e 'and'xmportanc
works, on the safety of which the maintenance of the irrigating supply
depends, ) .

Probably the best solution of the difficulty in the case of very la.rge
works is to build the lock as a separate structure, but clo:% to. the main

work with the minimum length of navigation channel possible, A general
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138 CHAPTER V1,

Side slopes not less than 1in 1+5,

It is however often advisable to revet the side slopes to } to 1.

A typical section of navigation channel is given in (Fig. 83, Plate
XVI), showing tow-paths at A A,

44, Accommodation works.—The- following works of accommoda-
tion are required on irrigation canals, wiz., inspection houses for the
superior staff, quariers for the petty establishment, huts for the canal
patrols, offices for the revenue staff, and watering places for the live
stock of the country the channels pass through. A room for o telegraph
office can be set apart in whichever of these buildings is most convenient
for the purpose. At important centres a separate telegraph office is
essential.

As the health and, consequently, the effciency of the establishinent
depend in a great measure on the style and locality of the quarters they
have to live in, it will be well to devose care and attention both to design
and situation, so as to ensure a suitable selection and an appropriate
shelter from the vicissitudes of the seasons.

1t is unneeessary to enter into any details of design of houses here, ‘a8
these must depend on the locality and the materials available; but the
foilowing considerations are always of importance : —

The sites should be high, near good water and proper supplies of food
and fuel. They should be central as far as regards necessary inspection
of works and irrigation details, Headquarter sites ought to be near the
civil station of thedistrict, both for facility of reference toauthorities, and
because a reasonable amount of relaxation is necessary to all the staff
to preserve a healthy mind and body.

Inspection houses should not be spaced too far apart. Inspections to
be practically useful necessarily take time, and if an officer has a long
journey on & hot day before him he will be inclined to burry over matters
-—8 to 10 miles is certainly the limit of distance between houses.

Zilladar's or.revenue offices should. be at the headquarters of Sub:
Divisional charges of the canal, and have ample and proper arr'mgement,s
for storing records.

Huts are required to house the patrols who hold charge of sections of
outlying distributaries. These should be situated near but not in large
villeges, and should contain sufficient accommodation for the patrol’s
family, as it is absurd to expect aman of shis cluss te occupy these quarters
apart from his family for long periods : and if the patrol lives in the
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140 CHAPTER VI,

Permanent weirs und falls on a canal are well adapted in an engineer-
ing sense ag sources of water-power which cun bo utilized and the water
agnin passed back into the canal at o very small expense of construction,
and & positiva advantage to the cannl works in the saving of woar and
tear. That the power thus cconomically available has not been extensively
utilized is probably due to the weirs und fulls being generally situated ip
places unsuitablo for commercial cuterprise, to the objection that the
power i3 linblo to suddon ceasation from closures of the canal for repairs,
or for want of dumand for irrigation, and to the somewhay ilhiberal terms
and conditions demanded by Governmens for the use of the power.

An esvimato of the loss to the State by this waste of power may be
formed from the fact that in the first 50 wmiles of the Ganges Canal alone
some 50,000 H..P. is available for uso, and there can be no question
that tho objections montioned above could bo easily overcome by suitable
arrangements being made fur running supplies us regularly as possible,
providiog a reserve of steam power for emergencies and the transmission
of tho power to commerciul sites by clectricity, &e.

Workshops of o somewhat extensive nature will be required to assist
tha firgt construction of the canal, unless the work necessary can be more
conveniently and economically carried out in cxisting shops or by com-
werical firms, 1t will rarely be found expedient to maintain the
special workshops when the canal is completed, but small shops can be
profitably maintained ap convenient sites on running cabals for minor
ropairs of the plant in use.

46, Plantations.—Plantations oo both bauvks of main canals and
largo brauches, are usually provided to occupy tho spoil banks, supply
timber and fuef for canal works uud for sale, and also to give & shelter
from the sun to the inspecting establishment and the public using the
canal roadwoys, Tho spread of irrigation has & tendency to reduce the
area under timber in the country generally, by increasing the value of
culturable land, and the counteracting influence of the canal plantations
is thus a public benefit in itself. The propriety of equipping distri-
butaries with shade lines is a moot point, the sole objection being that
‘he adjoining crops suffer from the shade; but on the other hand travel-
jers passing on the banks, which are always used as a public highway,
benefit greatly, the timber is useful on the works in many ways, and
compensation for the injury cansed by the shade would not be a heavy

item,
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WORKS 143

falls to cffect altoration of level tasl works as_escapes, profiles and bed
_ marks_for_the confirmation of the channel, and outlets to distribute the
supply to the village water courseg

From the remarhs on alignments 1t will have been seen that distribu
tary channels ought never to interfore with drunage unless the Intter has
been artificially diverted from 1ts proper dircetion  Works for pasang
dramage need therefore hardly be considered ns essential parts of a dis
tnibntary whea 1t 1s unavordable drainage can be passed across by a
culvert a syphon or anaqueduct according to its level relative to the
distributary bed Drainage should never be passed into a distributary

48 Water courses —On twater courses the only works required are
those becessary to avo d wisle of water 1t the crossings of roads and to
confirm the bed levels

Crnssmg works are geerally made of 9 to 12 iaches diameter gal
vanized 1ron o earthenware prpes taid 1o puddle or concrete with or with
ont masonry termunals  As the roeds crossed are mostly vitlage tracks
they aro rarely embanked and oftun worn below the country level , and as
1t may 1terfers with the flow of drainage to raise the road the crossings
are frequently subjected to & head of water and act as syphons  The tract
over the crossing ought fo be protected from wear by hard material orme
talling and the banks of the water-course strengthened near the termmals

These smalt works are subjected to corsiderable wear they are 1solated
not subject to constant inspection nd very large numbers are required to
marntain the water courses effictiently and prevent waste Itis therefore
a matter of the first 1mportanc. to make the desmigns both cheap ensy to
construct and lasting 1n nature

Under existing rules and eostom the alignment construction and man
tenance of water<ourses are practically m the hands of the oultivating
classes although 1t 15 1ucumbent on the canal officer to intervene 1n certain
cases  The great mnportance of efheient distribution of water d ds
a thorough reorganization in this respect and 1t 19 absolutely necessary
that the alignments and onginal constrietion of water-courses with their
works should be carried out unler proper engincering superviston and
with as wuch care as 1s now devoted to the main canal and 1ts distribu
taries The water-courses should also be completed before the canal 13
consilered ready for opeming umed not be deferred usjil wrmgation hes
slready commenced 1n a slovecly manner Welloul the provision of
proper waler courss channels no canal system can be expected to ezpand
properly or Lo carry the waler 1n the quantaty requared
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The construction of water-courses by Government does not necessarily
imply that the capital of the canal should bear the cost.* The expenditure
can very justly be recovered by a rate assessed on she irrigable area which
is a known quantity for cach water-course, and it is quite certain that this
procedure will be welcome to the cultivating classes as long as the work
is carried out in an efficient and economical manner.

Water-course channels rarely require bed marks, as the cultivators
will clear them so as to maintain the water at the propér level for their
own interests; if found necessary, bricks on end at regular intervals will
be sufficient.

With the exception of the first hundred feet at the head, where the
banks should be strong, the earthwork of the banks of water-courses
should be confined to that necessary just to retsin the supply safely, say
6 inches above water surface for height and one foot wide. The banks of
water-courses are cub when a field has to be irrigated from them.

A reference to paragraph 49, Chapter II, will show the great
advantages that would result from the addition of impermeable linings to
thechannels of water-courses: a very large proportion of the canal supply
brought with so much care and expense over long distances is injurionsly
wasted by absorption in these channels. _

49, Distributaries.—The designs for distributary works should follow
the same lines as those of the canal works; the strains to which they
will be exposed and the duties they bave to fulfl are similar, though
not so intense. As large numbers of these works are required, there are
many advantages in designing on standard plans; this saves unneccessary
labour, cnsures the adoption of suitable types and simplifies the supply
of materials and plant.

To work efficiently and prevent silt deposits the heads must be skewed
to the main channel and arranged to admit surface water only when not
fully open thus regulating gates (see Plate VIII), or sinply loose planks
which can be removed one by one from the top are preferable to gates
lifting from the bottom: when they aro isolated works, heads should be
provided with arraugements for locking the regulating apparatus to pre-
vent unauthorized interference with the supply.

The roadway of distributary bridges should be keptas near tho genoral
Yevel of the country as can be managed without uuduly obstructing the
supply, or causing accumulations of floating debris in the channel. Rond-

® It is intoresting to onll to mind that the distributarics on the Ganges Canal wero at
first constrocted by culdisators on faccavi—i.c., loan advances by Goversment,
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ways supported on 1ron o1 mld steel rotled beams are suitable, but gene
rally more expensive than arches High parapets arc hable to injury
from carts and a broad strong curb from 1 foot to 15 inches above
the roadway will be sufhcient protection for channels up to 10 foot bed
width It 1s advantageous snd not very expensive to curve the land
wings s this gives a good entrance to trafhe, bumping posts are, however,
always required

Solid floors are generally unuecessary for distributary bridges, but
masonry bars should be bwilt to bed level, and the intervening space
packed with grouted pitching

Ten to twenty feet 1 length of dry priching 1s required above and
below bridges, and 1t 13 advisable to carry this up the slopes to above
water surface  Falls cin be bwlt combined with bridges with great
advaniage The cills should be placed above so that the fall of water will
be clear of the bndge

When the arch of a bridge 15 depressed sons to be below the water
surfaee the bnidge 1s called a syphon, Thus arch must be heavy enough
to resist the upward pressure of the head of water, alls are required
above and below at channel bedlevel A fall can be given through a
syphon, but there will be severe action at the exit which will damage the
banks unless this 13 checked by special arrang Syphons are liable
to be checked by floating debris and are, therefore, more or less objection-
sble when 1solated works though sometimes mevitable on depressed
toads, where the country drainage has been attificially diverted across the
watershed andcannot be otherwise disposed of

Distnibutary falls should have vertical eills with notches to regulate
the supply and sohd floors long enough to tahe the severe action of
the falling water, with wings parallel to the distibutary centre line,
stepped down beyond the floor to prolect the banks below from wash
‘The up-stream wings shonld be transverse to the centre line and taken well
mto the bank to preventthe fall Lewng turned by creep—a puddle
apron sbove 19 an advantage with falls above 3 feet drop The whole struc-
ture should be founded on a solid level concrete base, and well pitehed
above, below and on the banks. A foot bridge over falls 1s always desir-
able, 1t affords add: 1 Iy, and helps to
strengthen the work 1f placed between the hugh lower water wings

As the tatl work of a distributary will usually be situated near the
Junction of two drainage lines 1t can be used as a minor escape, if thesc are
capable of earrying the discharge without 1njury tocrops Distributaries
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Puddle being usually required in sandy tracts is expensive on account-
of the distance from which it is necessary to carry the clay ; the necessity
for its employment should be carefully worked out before it is included
in an estimate,

Before commencing excavation it will be necessary for the Engineer to
lay down the side width and land boundaries, both permanent and tempo-
rary. Theseare all fixed by direct measurement from the centre line,

Fig. 89 shows the side widths which should first be laid down—-AA
for the channel square excavation; BB for the permanent land; GC
and CC for the temporary land, The measurements for these widths
can be read direct from the Earthwork Tabular form; but it is nécessary
to leave a berm of ab least 10 feet wide between the permanent and
temporary land on each side of the distributary, This isto lessen the
danger of percolation and to encourage the early ploughing up of the
temporary land after the borrow pits have been dug. At the time the
gide widths for temporary land are being marked the sites of outlets or
openings for village water-courses should be identified from the ssction,
and a width of 10 feet -on each side of the water-course centre line
should be left free from borrow pits, If this is not done the borrow pits
will require re-filling when the watercourse is undef construction,
Although it is usually unnecessary to acquire more permanent land
than that occupied by the channel and banks, yet, as a strict adherence
to this rule would pecessitate constant small changes of width, it is best
to select mean widths for fairly long lengths, taking care that the banks
are always inside the width selected,

To avoid dispute regarding the ownership of permanent land it will
be necessary to fix permanent marks on the boundaries, Masonry pillars
or stone posts at intervals are often used; but the simplest and most
economical expedient is to build the outside walls of the water-course
heads and the furlong, mile, and other distance marks on the boundaries.
Stone posts can be easily altered in position by fraudulent cultivators.

All side widths, as well as the centre line, are marked by lockspits,
The centre line, and the permanent land require tremches at least 1 foot
wide by 6 inches deep: the other side widths may be marked with nicks
6" x 37, except where the soil is very light or saudy.

Borrow pits in temporary land should never be dug more than 1 foob
deep. With the distributary line carried strictly on the watershed, and
a few side cuts to facilitate drainage, this depth will rarely cause excessive
dampness or prevent the land being ploughed up for the first crop which
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tan be sown after the earthwork 15 completed  Deep bare 1rregular bor-
row pits detract greatly from the appearance of a new work, particularly
when 1t 13 borge 1n mind that they ijure the very land which $he work
was dosigned to benefit,

Borrow pits 6 1aches deep have been r ded but are d
to Indian cultivation, where the upper 6 inches of the soil 13 generally
the most fertlle and they are expensive both from the large area
temporanly thrown oub of cultivation and the long lead this shallow
depth involves

It 13 sometimes advisable to dig deep puts for the supply of earth
1 dry tracts near village bridges to prowide cattle watering places
These tanks should be supplied with fresh water from the distributary
If kept in proper order they are usually appreciated by the villagers
and save the distributary banks from mjary by cattle ghdte

It often happens that earth for banksmay be obtained from kaolls
and by levelling 1rregular groudd, where possible this course should
always be followed as 1t avoids injury to the land borrow pits and
often adds to the culturable ares near the distrib

The following operations are now required tocomplete the earthwork
of the distnibutary, they are given i the order:m which they should
be carried out —

Transfer of surfaca levels to the bed

Making profiles

Excavation of centre rectangle

Exeavation slopes

Rawsing and consohidation of banks

Dressing #nd turfing

Check levelling

The surface levels are transferred to the bed according to the depths

of digging 1n the longitudinal section A length 4or 5 feet of the
chanuel 13 dug on. the square to the proper depth, shghtly in advance®
of the ground B M or peg the depth being measured with s levelling
10d and mason s square  (See Fig 93 Plate XVIIL)

The bed level may be fixed either by a temporary peg or a perma
nent bed mark The latter course 13 the best because temporary pegs
beieg liable to displacement will entail the necessity of preserving the
ground level marks for checking purposes until the earthwork 1s

® This places the bed mark in advance of 1ts trus pomtion this 8l ghterror may be
accepted or the level pegs may be fized so as to sllow for the deviation in the firet instance
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completed ~often a difficult and inconvesient matter. Although many
distributaries have been constructed with half furlong or even furlong bed
marks, it is weil understood now that bed marks at every 100 fest are
necessary for proper maintenance of the bed levels, The pipe with dise
(see IFig. 92, Plate XVIII) may be employed with advantage for this
purpose. It should be fixed in the manner described for its use asa
bench-mark, care being taken that it is in the true centre line of the
chanuel as well asat the exact level of bed, The disc should be marked with

the ultimate width of bed (slopes at § to 1): this record, always present .

on the exact spot where it is required, will be found very useful in the
future. Other forms of bed marks are used, such as wedge-shaped bricks,
brick or concrete bars and wood stakes. An excellent but very expensive
form is shown in Fig. 94, Plate XVIII. This gives both the bed and
surface water levels; it is built of masonry on a concrete foundation,
of the full section of the channel, with hard brick edges projecting on
the slopes at each foot of vertical height from the bed. This bed mark
or masonry profile may be used with great advantage at 5,000 or 10,000
foet distances for distributaries, with the intermediate bed marks of
pipes and numbered discs.

When the bed of a distributary is in embankment the bed marks
shonld be fixed above ground, and earth rammed rousd them to prevent
disturbance during the construction of the chaunel. When the embank-
ment is one foot or less in height, pipes alone can be used, but for greater

. heights & masonry or concrete foundation should be added on which to
bed the pipe.

It is best to fix all the bed marks in the first instance with careful
supervision. This-can be done with great accuracy; but it is work that
cannot be hurried over, and if for any reason it is necessary to push on
the construction of the distributary it may be expedient to fix the per-
manent bed warks at the 1,000-foot intervals and only to dig pits to
the proper depth at the 100-foot intervals, or experienced contractors
may be given a list of the depths of digging. )

When the permanent bed marks are not fixed at first, they should be

. put in after excavation of the channel but before the bed is finally
cleared. This can be done with 2 level and staff, the 1,000-foot bed marks
being used as reference: pegs are driven in first to the proper depth,
viz., to the slope of the bed between t‘;he 1,000-foot bed marks, and the

‘ pipes and dises fixed with the miason’s level afterwards. Bormg. rods are
also used to fix mtermediate bed marks, but they are not reliable for

long distances,

1
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When the fixing of bed marks has advanced for some distance from
the distributary head = party of expertenced labourers may be started on
profile work  This consists 1o cutting the tnterior slopes of the channel
when 11 excavation for about b feet 1n length opposite each bed mark, and
mn making up the banks for the same length As these profiles are
1ntended to act as gmdes to the contractors when constructing the distry
butary great care should be bestowed on the style and accuracy of the
work, the excavated slopes must be neatly trimmed and the embankments
thoroughly consoidated with the proper slopes It 13 & good plan to
allow esch contractor to make the profiles m the length of distributary
he 1s to construct, he wall thus early learn the style of work the Eogmeer
expects from lum  2nd gain an naight to the rates, ete

Cord 1nste&d of earthen profiles are sometimes employed, they are
suntable for high banks but are hable to displacement, and should be
checked frequently

A bevel plumb rule should be used to check the accuracy of all aide
slopes as workmen, 1f not carefully looked after are-lhiable to round off
nterior excavated slopes maling the top width and bed measurements
correct (See Fig 95 Plate XVIII)

The making of profiles pt the prel ¥ op and
when they are ready over a sufficient length of chaunel the earthwork
should be carried on with vigour This 13 expedient to avoid the unneces
sary occupation of temporary land and time of supervising establishment,
and to ensure the earth bemg consolidated when 1t 19 freshly excavated
and before 1t has had time to hardeh The centre rectangle should firss be
excavated with vertical sides (see AA, Fig 89), the earth being thrown on
the bank space m G inch layets, all clods being broken up and grass and
jungle removed  If the bank space 1s covered with thick grass or jungle
1t should be cleared before the earth 1s thrown upon 1%, each 6 inch layer
should be latd to the full bottom width of bank and thoroughly consol:
dated before a second layer 1s put on It 18 advisable to make each layer
extend over a considerable length and to generally carryon the earth
work of the bank as level as possible because short uneven leagths of bank
are dufficult to consohidate properly This 15 particularly necessaty where
banks are rolled mstead of being rammed

‘When the centre r gle 13 pleted on a saff length the
terior side slopes may be dug out and trimwed Contractors genetally
keep therr best men for this work , 3t 18 difficult to execute neatly but
profitable to the workmen, as the vertical sides can be cut down 1n lumps
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mto the contre channel.*  Frequent inspactions of the work are necessary
to prevent these lumps being buried unbroken in the banks, but bad work
like this cannot De concealed if the rule of long lengths of G-inch layers
is adhered to,

The banks may now be completed to the full height of excavation from
borrow pits in the temporary land, If the consolidation is properly carried
out it is not necessary to make the banks over full height to allow for
settlenent. It is usual in estimates to provide a certain sum for main-
tenance during the season following construction, and this sum should be
sufficient to raise and widen banks where they may have settled. These
remarks only apply to well-designed sections ; in heavy embankments
the usual allowance should be made,

In ordinary agricultural Jand the outside lockspits for borrow pits
need only be laid down as the work proceeds ; this will allow of many
improvements being made by carefully selecting the sites from which to
take earth, In gardens or valuable land great care should be taken in this
respect, and it will be better, and often cheaper in the long run, to carry
earth from a long distance and avoid injuring valuable property. Com-
pensation shonld always be paid for any injuries caused. The amount
can often be rensonably settled on the spot by the Engineer personally, or
n trustworthy subordinate, and this will be found more economical to
Government and satisfactory to the people than an appeal to the courts.

The hest season for outside exeavation is after the rabi is cut, finish-
ing in the begivning of the rains; interference with crops will thus
generally be avoided, and the compeusation payable for temporary land.
be reduced to a minimum, If the outside lockspits for temporary land
are not laid down until actually required, the rabi harvest can be cut by
the cultivators and the borrow pits dug, and the land returned to zamin.
dars m time for the kbarif sowing.

The banks at works should not be thrown up umtil the masonry is
completed and passed. This is particularly necessary for small works
such us outlets, and it is advisable to omit certain lengths of bank at
works from the earthwork contract and to include them in the Works

Estimate at special rates.

# \When work is carried on in o dilatory manner, particularly in warm weather, the soil
oxposed to the hot wind gots very hard and lumps carelessly aliowed in the banks cause
frequent breaches of the distributary. In time the banks get sound to normal water level;
but every unusual rise of water surfroo finds weak places, necessitating frequent and expen-
sive repairs, and it sometimes takes years to puta badly.constructed bank into good

condition,
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There nre three systems of consohidation — with rammers, rollers, and
by water for the two first systems 6 inch layers and the breaking-up of
lumps and clods are esseatial

Rammiog with 1ron durmals® 1s fairly effective if properly carned
out 11 6 inch layers when the soil 13 freshly excavated, damp and soft,
on hard eatth i foot layers 1t 13 quite useless It 13, however, noto-
riovsly difficult and this 1s very expensive on long lines of small cubic
capacity hke distmibutaries  On broad bauks, earth 1n 6 mnch layers can
be well consolidated by making the work people walk over each basket
full of earth they throw down, but this system cannot well be applied to
sarrow banks

Rolling 15 an excellent system with damp earth, bub contractors do
not always take to1t. The rollers are best made up of a number of mor
tar mull stones about 2 feet 6 inches diameter and 15 inches wide, these
stones have a § 1och hole mn the centre and three or four are drawn over
the bank tagether by means of a loose axle passing tbrough the centre
holes They can be drawn by men or bullocks, but men work best as
they "are avatlsble on the spot at the proper time and the number can
be varted to sms the coudition of the bank

Generally speaking, rolling 1s best for heavy clay soils and ramming
for more sandy The cost of rolitng 1s actually less than the expense of
thorough g, but cont prefer the latter system as they well
Lnow that the speafi can rarely be enforced,

The Engineer when inspecting banks, 1f 1 doubt regarding their
soundness, should cut sections through them at different places
Cousohdation with water 1s the most f y, but &
system and not always possible. The banks may be thrown up to therr
fall height, but should not be dressed off Water should then be passed
mto the distnbutary, and stop-dams made at intervals, the water can
erther be baled up on the banks or led along thew tops in narrow chan
nels  After the banks have been thoroughly soaked they can be trimmed
off to the proper section The water standing 1 the channel will mnjure
the 1nuide slopes a good deal, ting u second d g off but
$his small expense will be amply repaid by the compectness the banks

will attain and the rapid growth of grass on them

When plenty of watet 13 avalable 1t may be used to trrigate the
temporary land before the borrdw pits are dug, this will 1mprove the
banks if the earth 18 rolled or rammed before 1t dries

IS

*Earth tammer
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Distributary banks should be neatly dressed off to the proper section,
and maintained so until grassed over. The espense of turfing is prohibi-
* tive for small seetions, but a good growth of dub grass can generally be
ensured by watering the new banks and careful weeding. During the
hot weather and rains, when the dub grass is well established, the banks
should be let for grazing throughout the year. Grass-cutting with the
kurpah should also be encouraged, as this process improves the dubd
growth aud kills off other grass. Some canal officials object to cattle
being allowed on distributary banks; but it will be found that their
trampling consolidates the banks, and the saving of the cost of annual
Jungle: clearance will more than cover the expense of repairing the slight
damage they do,

The preservation of earthwork in good condition is as important as its
construction at first in 2 proper manner. When distributary banks are
let for grazing the contract should be drawn out with care, 50 as to pro-
vide against malicions and eareless damage. Unimportant stipulations,
and thoso practically impossible or very difficult for the lessees to comply
with, should .be omitted. It must be borne in mind that owing to the
leagth of the channels,and the heavy charges held by responsible, officials,
inspections are necessarily infrequent; and, ne matter how stringent the
rules against grazing may be, cattle will wander or be driven from the
dry plain to the greea canal bank. It is, therefore, better to accept the
situation, avoid worrying litigation, and at the same time remove an
engine of constant oppression of cultivators from the hands of the some-
times over-tempted petty (Government servant who, in the absence of a
genior officer, may have full control of the regulations.

Regulated grazing, with ample facilities provided for traffic crossings
and watering, will do much in the way of preserving distributary earth-
work in sound condition,

The discharge of a distributary is fixed by the total of the discharges
of the outlets from the tail up, plus in some cases an assumed tail escape
discharge ; the area of cross-section, therefore, is regularly decreased
from the head to the tail.* The reductions of section should take place
immediately below ench outlet, and as the outlet discharges are small
compared with the distributary discharges the reductions will be usually
very small, often only a fraction of a foot of the bed width.

The bed widths at side slopes of £ to 1 are shown, as previously stated,
on dises (to the nearest tenth) by the 100-foot bed marks, Now, it is
quite certain that no améunt of supervision will ensure berm-cutting to

® Unless, of course, the slope of bed is changed.
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this degree of accuracy, yet 1f the tops of tho berms are carefully micked
out to ns near the proper width as possible and wood profiles are freely
used to gmde the workmen the peneral result will be found a close
approxunation to the true section

All those who have carefully observed the channel of a river over a
considerable length when the increase 10 supply 15 given by small affiuents,
springs or percolatton will have noticed the great difficulty of determming
the exact points at which the 1ncreases of sectional area* oceur even when
the total difference between the areas above and below are great In
canal engineering we cannot erT 1 closely mmitating nature, and atten
tion to this pont will reduce silting of the bed irregular growth of
berm and erosion of the banks It need hardly be stated that these
results will only follow when the caleulated areas of section and slope of
bed are such as to give a veloaity suited to the sail and amount of mlt
in suspension

The care shown as necessary for the supply of earth for banks duriog
construction and for consolidation 1s required for mantenance and
repairs 1 after years Earth for strengthening banks or closing breacnes
should be taken from borrow mta dug outside those used for construction,
on no account should the old pits be deepened Hollows or breaches 1
the banks should be opened to the full depth and the sides or slopes
stepped bach Defore being re filled Ramming 1o 6 1nch layers should be
1nsisted on, and water freely used for lidation, and all cl
from the channel tustead of being thrown on the banka or berms should
be deposited and levelled off 1n the old borrow pis

The earthwork of a distributary cannot be considered complete until the
record section 13 prepared, this should show the actual reduced ]evels of
the hed marks and both banks Levels are usually taken to the g;th
part of a foot and 1t 13 mamfestly impossible Lo construct to such a degree
of accuracy ly appr must be pted, but as a
geueral rale bed marks should not differ from the true bed level by more
than —bh foot and banks by more than jth foot—differences greater
than these thould be corrected

1

The dificulty of correctly and exy y g and
up the earthwork and land over long lengths of dlambuta.ry at every 100
feet 15 very great and the work eannot be economically carried out by the
regular Earthwork Tables or highly paid establiskment A tabular form

® 1t should be mentioned that the preservation of a proper sectional ares will mam
tam the water surface ab the d lgvel—enn all 1mp matterma
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< . examplos are worked out to show
the systfsm. One clerk taking the longitudinal section in hand reads out
to the éecond clm'k. the outries for columns 2,3, 10t012,and 14; an
entry of column 3 will be Decessary at every peg where the bed s below
ground; 14 can only be entered where the bed is embanked, which wil]
seldom accur. Coh.xmns 2, 10, 11, and 12 only reguire noting in the form
whore these dimensions are changed in the section, After the entries are
made they should be cizaoked over, and then the economical digging can
be calculated out by_ trial for every change in any of tho dimensions 2,
10, 11, and 12, if this column has not already been filled up 4s a guide
to the engincering of the channel,

When the depths of digging are equal or over the ecopomical it will
not be necessary to carry the caleulations beyond column 8, as the
cconomical depth provides sufficient earth for the banks,

The remaining columns involve simple caleulation, and can be directly
written down if one clerk uses a tabular multiplication table* or a slide
rule, the other clerk ontering tho results as called out. Columns § and
21 only require one entry cach for every 1,000 feet.

The Jand widths can bo written down directly from mspection,

From the-above the procedure for calenlating by this form may
appear lengthy ; but in practice it is very simple and straightforward
work, and most of the entries will be found of great assistance when the
work is being set out on the ground.

The great saving in labour due to the form occurs when payments have
to be made to contractors. Separate rates of excavation and embank-
ment can be dealt with if necessary, and, caleulations at 100-feet lengths
for small sections being quite accurate enough for direct payments, all
mensurements on the apot of work done can be dispensed with. The
Eogineer is thus relieved from many laborious and wearisome days in
the field and office. -

53. Drainage operations.—No project for a canal is complete unless
it includes arrangements for the proper disposal of the surface drainage
of the tract to be operated on. It was mentioned previously that the
alignments of the distributaries first constructed for irrigation seriously
interfered with the drainage lines. As time advanced the evil effects
of this interference were more and more felt; this resultedin the institu-
tion of extensive works for the remodelling of the distributaries and the

* Grelles’ Tablesde Galeul is an excellent book for this purpose, its use will save sn
immense amount of mechanical calculation, or a slide rule may be used.
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improvement of the drainage lines, At the present time matters may be
considered fairly satisfactory, It may safely be sud that nowhere 1s wny
serious 1njury allowed to oceur by obstruction of drainage, 1adeed, at the
present day the canal officer looks on the improvement of a drainage line
as a more urgeat work than the revision of an imperfect 1rngationsystem
But the earhier remodelling works often stopped short of a perfect transfer
of the irrigating line to the watershed and the drainage chanpel to the
patural depresston  In some cases the old ahgnments were adhered to,
and the dratnage 1mproved by cuts throngh the watershed ~nd culverts or
syphons under the existing distributaries This removed the evils of
obstructed dramnage, but no system thus tinkered can be accepted as
satisfactory, and 1t will ot once be seen that where a distributary line 1s
1tself off the watershed every water course fed by 1t must eross low land
to gain the backbone of 1ts minor doab, thus covering the low tract with
a network of obstructions to the proper flow off of the rainfall

In new works carried out on the nformation supplied by properly
demarcated maps these evils cannot oceur  The Engineer finds ready to
hand not only the course of the dramnage laid down most mmutely, but
the boundaries aud area of 1ts catchment basin, and s work may
be confined to the estimation of the fiow off that area as caleulated by
the formula most appropriate to the locality, and careful examination
on the ground to determine what 1mprovements are required along the
lowest line of the depression to enable the floods to be passed on without
jury to the land,

It 13 quite unnecessary to provide a regular channel, for each drainage
depression, The too rapid removal of the rain water would often cause
more evil to the conntry than even long continued flooding 1nyolving the
local destruction of erops  The depletion of the subsoil reservoirs which
depend on percolation to mawtain the supply for well irngation would
m time reduce to a desert all the ares not supplied by eanal water

Tn most eases 15 will be sufficient to preserve in a considerable degree
the natural conditions which existed prior to the 1ntroduction of the eanal
works, only 1ncreasing the facihities for flow off when locl mformation
shows improvement really necessary or when 1t 13 desired to reclaim
ficoded land for cultivation, Near the maimn camal no damage to the
subsarl wall resuls from the most perfect drainage, and 1o sll cases 1t 18
permisuble to reduce the naturally flooded area to the extent of the
remnforeement to the subsoil given by the irrigating supply
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As minor depressions combine to form major lines, the tendency to a
confirined channel may be encouraged by the ‘Engineer until the stage of
u regular stream or nala is reached. _

64. Dischaerge from catchment area.—In order to determine tho
carrying capacity proper for a drainage depression, channel or work, it is
necessary to estimate the probable maximum discharge due to the rainfall.
Owing to the variations in evaporation, absorption, and rainfall, no certain
rule can be laid down for the Engineer ; but the following empirical formula
has been laid down by Colonel Dickens, R.A., from a comparison of
certain observed datn, and until a better one is known this may be used
a8 an approximate guide :

Let M = tho number of square miles of any catchment area, no

_ matter how small,
D = its discharge at highest flood in cusecs,

Then D=825 M3j.

This formula i3 only applicable to cases within a certain average of
annual rainfall, say of 36 inches in the year. It may, however, be consi-,
dered to hold approximately in case of 24 to 50 inches of averagé annual
rainfall, as the heaviest fall of rain varies less in proportion than the
annual rainfall, .

For small catchments the waterway is sometimes fixed by determining
the aren of opening required per square mile drained. This area may.
vary from 2 to 20 square feet per mile; it is determined by comparison., .
of the area under cxamination with the known results from other areas
upder similar conditions. Thus on the North-Western Railway in
Jullundur % *4 square feet per mile was found insufficient; 985 square
fect was allowed for the Kali Nadi aqueduct, both of them large catch-
ment areas ; on the Gunduck embankments 10:8 square feet was found
insufficiens, and increased to 13 and 14 square feet, but the basins were
small and near the hills.

A greater relative discharge must be assumed from small than large
catchment areas. This of course is due to the time which must elapse
before the flow-off o distant part of the area can reach any given point ;
in the meantime the discharge from nearer points has passed away in
whole or in part. Some authorities have used the following scale, but
it cannot-be accepted as generally applicable :— °

Area in 1 to 10, 10—20, 20~50, 50—100, 100—500,
square miles; } 500—1,000, 1,000—2,000, 2,000—38000.

Discharge
in cusec% } 80,56, 32, 26, 22, 18, 16, 12,

per sq. mile,
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No formula however 1ngentously constructed ‘ean cover the range of
conditions presented by large eatchment basiny A torrent with a long
course m the lls and then passing through a sandy tract can hardly
be compared with 2 flat depression lving m a saturated country, the
rawmnfall 1s rarely umform either n time or quantity over a large area
and the length of a basin has a controlling and regulating 1nfluence on
the floods passiug over 1t

Mr J Craig MicE has determined a formula* for the discharge
from a catchment area which appears to give reliable results—

S = 184+2Bxlog 817
B

Where S = the sectional area in square feet of mazimum flood at the
discharging point
B = Mean width of area i miles
L= length

The maximum flood discharge can be obtained 1n the usual way by
applying the sectional area found by the formula to the cross section of
the stream at the discharging pomt for hydraulic mean depth and mea
suring the declivity of bed

This formula 15 founded mainly on a consideration of the-shape of the
catchment area and the accuracy of the results has been demonstrated
by numerous results worked out by the author

Jo obtain Band L the perimeter or »idge line of the catchment <rea
should be rectsfied by means of straight lines as CD which with the dis
tances CA and DA will divide the atea 1nto triangles with their apiees
at the pont of discharge  (See Fig 96 Plate XVIIL)

For each triangle L == the mean length, and B = the perpendicular
distance from CA or DA to L w1z the mean width so that BX L
gives the ares of the triangle ADC

The sum of the discharges from all the triangles into which 1t 13 recta
fied will give the discharge of the basn

It 18 always adnsable when possible to measure the actual discharge
off a selected basin 1n heavy ramfall ag a gude to the scale to be adopted
for the designs, the most favourable opportunity 1s after rain has contin
uously fallen for seyeral days as the country will then be thoroughly
saturated and the flow off a maximum for the rate of fall

55 Drainage works —The dranage channel should snvarably
follow the true drainage ine  Cuts through bends however tempting as

® See Profess onal Papors on Indian Engineenng  Art cles XXX Vol III XOV and
CV1, Vol IV Third Berles
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shortening the line and economical, are wrong in principle and, as the
channels must pass through relatively bigh land, are liable to obstruct
the discharge, causing unnecessary flooding above, Many drainage lines
consist of a series of depressions connected by low necks of higher country.
Exeept when ib is necessary to improve the drainage, so as to allow of
cultivation over the depressed arca, the drainage work required will be
limited to lowering the necks to the extent necessary to pass off the flood
volume in & uniform manner without, on the one hand, flooding existing
cultivation or, on the other, reducing the proper percolation supply to
the subsoil. In this casc.the confinement of the channel through the
necks is no cvil; the flooded depressions act as regulators on the supply,
and the dimensions of the channel can be caleulated so as to discharge
the exact volume necessary,

When the excavation for the channel is more or less continucus, the
curves on the alignments should be laid down with the same care as is
required on irrigation channela. The ¢xcavated earth should be deposi-
ted in low spoil banks, leaving a wide berm and openings for entrance
of drainage overy few yards, or, if the country passed through is cultur-
able, the epoil can with great advantage be spread on low spots for their
improvement.

To prevent the channel being blocked by erosion of the banks, inlets
should be built at points where considerable volumes of drainage flow
in; these may be simple dry stone revetments, sloping channels lined with
masonry or regular vertical falls, as occasion demzmds.. .

When there is small perennial flow of drainage, with occasional heavy
floods, the channel should be designed with a cunetbe to keep the bed in
good order and prévent the growth of water-weeds, ete  (See Fig. 97,
Plate XVIIL)

Drainage channels require a riding path on one or both banks, tv
facilitate the inspection necessary for proper maintenance. This path
must follow the contour of the couniry, as an embankment woutd in-
terferc with the drainage inflow ; it may have to be diverted away from
the direct line when deep hollows are met with, and cannot be kept up
in the same style as the paths in irrigation channels, but the inlets
must be bridged whea they would be otherwise impassable in the rains and
the path should be kept practicable in all seasons.

All the works already deseribed as suitable for the conveyance and
inlet of water on irrigation works are liable to be necessary on drainage
channels, but only to a modified extent. As the discharge is temporary,
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higher bod gradients can be given and bars used $o protect the bed when
erosion 1s threatened Syphons are objectionablo, as being lable to choke
with floating débrs,

Ih 15 oceastonally permissible to use regulators on drainage channels,
orto equip falls for this purpose when 1t 13 necessary to store water n
village or other tapks for hou-ehold purposes, or for irmgation i
spectal cases The regulating arrangements in such cases should be
1n the bands of the village anthonties concerned, but care must be taken
that tnjury 1s not caused to adjoining properties

When the course of dempage 1 1mproved by Government authority,
the channel line should be kept clear throughout, and the area Liable to be
flooded should also be preserved from cultivation with erops hable to
10jury from excess of water,

56, Warping works ~The water moving 10 a river or canal channel
carries silt with 1t i suspenston , the quantity varies with the season, the
nature of the bedand the veloaity Thus measurcments made on the
Ganges near Cawnpore i 1870 showed for the canal at the tail an

3
550 July tom m

January, while 1n the niver the differences were still more maiked, bemg
5 :2 55 ; 5% o March  On the Sirhind Canal 'O_OTi
solid matter was acbuully depostted on the bed 1 August 1897, Simple

can the of solid matter 1n suspension at
nny tune, and 1t 13 expedient to have thiy mformation when warping
works are contemplated.

amount of sl i suspension varying from

from

n August to

Warping_ss the act_of turning the water moving 1 a chonnel from
13 ordinary course for a cortain time, 50 a3 to teduce the velocity and
thercby allow the solid matter to depomt The permd required wifl
vary according to the nature of the material held i suspension

The following rates of fall of ailt 1 still water are taken from the
Procecdings of the American Society of Cavil Engineers ~—

Matoral Rate per socond
inches,
Brick clay mixed with water and a'lowed half an
hour to settle ... s 0108
Fresh water sand ,,. . 1-690
Sea sand o . 24350
Rounded pebbles s1ze of peas, .. 12 000

But successful sslting tanks could hardly be based on these results, and
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it will always be recessary to examine the water at the exits of tanks to
determine if the operations are proceeding properly, ’

The description of warping works on a large scale from rivers is
beyond the scope of this Manual. It may, however, be briefly mentioned
that there are two distinet classes of works, wiz:, those by which the
whole river or a great part of ‘its supply is diverted from its proper
coursc so as to flow over a depressed area, deposit its silt and
return to the regular channel again lower down ; and the training works
which, by crenting still back-waters, compel the deposit of silt and mad
g0 as to raise up to culturable height portions of the river bed from
which the main stream has been permanently diverted for any reason,
Both classes of works may be necessary and useful, both in an engineer-
ing sense for the confirmation of a proper channel for the river, and
agriculturally for the benefit of the country generally : and they afford
great opportunities to the scientific Engineer, as they involve the proper
direction and control of vast natural forces to a useful purpose,

57. Silt tanks,—The warping works which more directly concern the
Canal Engineer are the silt tanks commonly required on canals and dis-
tributaries, when the bed of the channel is either level with or above the
ground surface, or when the only soil available with which to make the
banks is of bad quality. It is not advisable to use silt tanks in sandy
percolative soil unless the loss of water is of no consequence.

Silt tanks are compartments outside the regular banks of the channel, -
confined by secondary longitudinal and cross-banks, and provided with
cuts from aund to the main channel arranged to act 2s inlets and outlets
for the supply. (See Fig. 98, Plate XV1I1.) )

The silting operations are shown in progress in tanks A, B, and C; D
has only just been opened. In A, which is nearly completed, the deep
hole near the outlet can be silted up by altering the outlet to an inlet, or
closing it and opening a new inlet above: in C the first inlet made has
beea closed, the winding channel through the deposit levelled off and a
new inlet opened. Those shown are only a few of the expedients which
can be adopted to promote effective deposit, the main object being to
prevent a direct current from the inlet ‘to the outlet.

This system of short, compartments is the one generally adopted. In
come cases, however, it is preferable to take the whole supply of the
channel for long lengths over the area to be warped up. The operations
with a single inlet and outlet will be more rapidly completed, and will
not injure the regular chanuel by berm growth; but the after levelling
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off of the warped area will mvolve a considerable amount of work, and
except for small chanoels there way be difficulties and expense 1n passing
the supply 1nto and out of the silting reach

The earth for the banks of silt tanks should obviouely not be dug from
outside borrow pite, and must therefor> be taken from the tanks or the
channel bed The objection to the latter sibe are, that bed pits silt up
slowly, 1nerease percolation, cause weed growth and, if long and close
together, are iable to affect the slope of water surface On the wholest
15 preferable to take all the earth required from the land enclosed for
warping.

The dimensions to be given to the banks 1s a question of great import
ance Tho outer bank must obviously be strong enough to withstand
the head of pressure when the canalis full, and though at first sight the
tnner banks might be cqnsidered as mere partitions and not hable to any
sovere strain yet, as the conchtions of supply and demand for wngation
may render the temporary closure of silting operations at any time
pecessary, 1t 13 certamnly judictal to provide banks that will meet this
contingeney

The effictency of a slt tonk depends ou the draw of siltJaden water
mto it The inlets should, therefore, be dug down to the level of canal
bed, at an angle of 45° and far enough from the outlet dis
charging clear water above them to avord taking this 1n instead of the
&t laden supply, 100 feet apart will usually be sufficient, or adjosming
tanks may be run alternately,

Experietice seems to show that lengths of froe 600 to 800 feet are
suitable for sit tanks Very short tanks are expensive to mahe and
work, and bring the outlets too close to the 1nlets—very long tanks are

flicient  The d of the correct length depends on the time
1t takes the suspended matter to deposit and experiments on this pomnt
should be frequently carmed out during silting operations in order to
carrest and woprave the, system

Silt tanks ehould be kept clear of obstructions such as tall grass,
bushes, etc These hinder instead of promoting tho depost as they
reduce the waterway, creating currents while the tank was constructed
for the very purpose of destroying veloaty.

At certain times of the year there 13 very little vimble st 1n the
water, but at such times it often containg fine clay which wiil slowly
deposit, and on the whole it may be accepted as proved that the more

regularly and steadily mlting operations are continued, the sooner will
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the operations be concluded, Constant attention is required to carry on
warping with success, the changes in the deposits must be inspected, and
the work necessary to promote and increase them at once put in hand. As
each reach iy completed, it should be levelled off and dressed to the
form necessary for proper disposal of the rainfall off its surface, planted
out when this is permissible, and generally brought to the conditions
required for a properly maintained canal bank.

The reduction in the volume passing down the true channel has a
tendency to cause the growth of berm on the banks; it will be necessary
to watch this growth, and bring the channel to its proper section as soon

as it is to be called upon to carry its full supply. The excavated berms

can be utilized to level off the completed silt reaches.

On canals carrying average quantities of silt, throwing the banks
back 107, 207, 307, or more as required, has been found a much quicker
method of ensuring sound and wide banks in embankments. For reclaim-
ing land at the same time, silt tanks are preferable,

58. Bricks.—In concluding this Chapter a word may be said on the
subject of the class of brick now commonly manufactured for use in
India. It is stumpy in shape, ie., thick compared with its length and
breadth, therefore unsuitable for good bonding ; often brittle, owing to
too rapid removal from the hot kiln, and teo dry puddling of the clay, and
it is always when well burnt, covered with a more or less glazed skin to-
which mortar will not firmly adhere. When masonry built of first class
bricks is demolished the bricks will often be found to come away whole, and
at for use in other works; and this result, though economical from one
point of view, does not speak well for the strength of the original
structure. The old-fashioned large thin flab slop-moulded brick, burnt
in a clamp, though somewhat irregular in shape, was tough, and well
adapted to give a sound bond, and the mortar adhered with great tenacity
to its fibrous surface. In these modern days with a heavy demand for
material, it is not possible to revert to old-fashioned, and somewhat
wasteful, methods of manufacture; but it is quite certain that the question
of the best possible dimensions and methods of manufacture of bricks is
one- demanding more attention than it has yet received from Engineers
in India,



CHAPTER VII
DESIGN OF FALLS AND WEIRS

1 Falls—Ismnot nentire agreement with Col Chbborn on two

poiats 1 connection with the design of falls—
(1) The undaubted superiority of the ¥ notch over the plan crest
under all circumstances
(u) Tho necessity of c1storns to counteract the pounding action of
falhing water

2V Notch ~From s purely engineering point of view, to have the
crest wall 5o shaped as to maintain an even velotity of approach nght up
to the fall, with varying supplies n the caval, 1§ an undoubted advantage
upstream of the crest As regards the dypamc action on the down-
stream side this advantage does not hold For economy m design, we
wanb the type of fall which will diseipate the energy of falling water in
the shortest length

Drop a perfectly elastic smooth sphere vertically on to a smopth per-
feetly elastic horizontal floor, and 1t will come to rest on the spot where
1t fell, or 1ts energy will have been dissipated 1n theshortest length Let
the same ephere be given some horizontal motion as well as vertical, and
1t will travel a certain distance horizontally before coming to rest, the
distance depending on the horizontal veloaity 1t started with

Our aim 1 designing falls 1s to reduce the horizontal component as far
as possible, and this 13 best achieved by baving a drop as nearly vertical as
posstble Thenearer 1t 1s $o vertical, the shorter will bo the length of floor

y for the dismpation of the dy energy

There 13 far Jess honzontal velocxz'y with & vertical drop and a plamn
crest than with a V-Notch, even though the latter bas a spreader aitached
on the d ‘ mde Tt 18 amnpossible for 1 to be otherwise

The disadvantage of a plam crest 1s that for supplies considerably
below normal, the veloaity of approach 12 retarded to such an extent, that
st depostts on the upstream mde, and for volumes 1 excess of normal,
there 15 ltability to scour  With an experience of 35 years on the canals
m the United Prowinces, I can say with confidence that neither of these
dusadvantages are worth considermg




170 CHAPTER VII,

The heights of crest are always caleulated for full supply, which is very
seldom if ever, exceeded, and then only for a few hours perhaps, and any
5ilt that deposits in low supplies, is scoured cut as soon as full supplies
are runagain, .

Next comes the advantage of automatic regulation for V-notches, sq
that if the main canal and branches are properly designed, with a two-
thirds supply in the canal, all distributaries will automatically get two-
thirds supply and there will be no need to keep up a regulating establish.
ment. ~On paper as o theory, this is excellent, and possibly in the Punjab
there is little or no difference in the demand over a whole canal system
at any given time; itis quite otherwise in the United Provinces. Agan
extreme case I mention the Deoband branch of the Ganges canal, with an
allotted discharge of 525 causecs, which year after year is kept running
through the rains for rice-irrigation in light loam soil, when there is no
demand anywhere clse on this big system with a full supply of 8,250
CuSoCs.

The Asafoagar Falls are planked right up to the topand practically
Do water goes over, just to be able to feed the Deoband branch. In the
yearly returns, the Ganges canal is shown as closed at the head.

This, of course, is an extremo case; but to have a variation of 8 to 16
annas dewand at the beginning of the rabi season, is a normal condition,
The demand in the Mat Branch rising to full 16 annas, Igefore the rest
of the canal system has risen to0-8 annas,

V‘,"ibfx such varying demands at certain seasons of the year the automa-
tie regulation of V-notches falls to the ground and regulation by sleepers
has to be resorted to-

When we come to special regulation of this kind the plain rectangular
crest is far and away easier to manage than the V-notch.

As regards the automatic regulation for outlets in distributaries, the
small V-notches, perhaps 6" at bottom and 1% feet at the top are a great
temptation to the cultivators,

To £ill up the V-potch with rubbish is comparatively easy, whereas to
obstruct a phuin erest 3/ to 10 long is extremely difficult without planks.

The conditions of demand that prevail in the United Provinces do not
Jend themselves 40 antowatic regulation by the use of V-notches. '

3. Cisterns in Fallg—Cisterns were introduced below falls s0 33 to
have a cushion of water at all times to withstand the pounding action of
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falling water Mr, Beresford’s experiments proved concluuvely that there
13 1o pounding action in & continuous stream, but only dead pressure
equal approximately to the weight of the column of water

I irrigation canals, where supplies ave very gradually increased to
full volume on first opentng, there will always be & cushion of water on
the down-stream side, equal approxmately to twice the depth passmg
over the crest This means that with 6” gomng over the crest, there will
beal’ cushion of water on the down-stream fioor, with 2 gomng over
tho crest, there will be a 4’ cushion and so on, These being the actugl
practical conditions, I cannot see any real need for a cistern, which adds
very matorially to the cost as the foundations have to be lowered by the
depth of the cxstern, and 1 my opmion actually necessitates a longer
length of floor, by mnducing o standing wave just about where the cistern
ends

The Kasimpur Fll, on the Sumera distnibutary of the Aligarh divi-
sion of the Ganges canal, was built by me 1n the eighties with a cstern, ag
at that time 1t was the accepted methedl and always 1nmsted on Later
on I was able to obtain sanction to build certan falls without cisterns and
a3 antierpated I found the action below these falls considerably less, and
the usual standing wave entirely ehmmated

In 1912 when inspecting the Sumera distnibutary as a Superintending
Engineer, I noticed the bigh standing wave at the Kasimpur fall, and
ordered the cistern to be filled up with concrete The result 1s shown 1
Plate XIX,

My own ezperiences that a plain crest with a drop as nearly vertical
as possibleon to & horrzontal floor at down siream bed level, and water
wings at right angles to the crest, and s few feet further apart than the
length of the crest, give far less action below a fall than the old system
of exsterny with curved orsplayed down stream water wings

4 Lengthof pr ion needed —In decadiogon the length of protee.
tion needed below a fall, there are two factors to copsider, (1) the height of
fall from water surfaco to water surface and (u) the volume passing over
the crest per foot run of crest

This second factor 1s frequently not considered. Obviously the
dynamic energy of I cusec per foot run of crest falliog eay 10’ 1s very
much less than that of 10 cusecs per foot run fallng the same 10%. The

dynamic energy 1n the first case will bo dismpated 10 & shorter length
thau 11 the second case
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'

- If -h be the drop from water surface to water suiface, the following
-ratios may be accepted as safe from “actual practice in the United

provinces :—
Cusecs, per foot run of crest, Length of fioor.
0 to &5 ousecs 9 " 4h.
Gtol10 ,, \ ) oo k.
10tods e 6h.
15t020 o Tk,
above 20 » . 8.

. The above are only rough approximations for vertical drops and
clear overfalls, i.e., when the full suppiy level on the down-stream side
is below the level of the crest.

8, Weirg,—The first point to thoroughly appreciate is that the water
held up by a weir has a static head, inducing percolation of a certain por-
tion of it below the impermeable foundations and floor, the head decreas-
ing steadily until it reaches zero at the end of the down-stream imperme-
able floor whereit is free to the air. This water flowing below the founda-
tions, has an upward pressure corresponding to the head; it also has a
velocity dependent on the head and the friction it meets with.

The thickness of the impermeable floor must be sufficient for its
weight to counterbalance the upward pressure, and the velocity must
nof-be so high as to move the sand below the foundatlons and so under-
mine the work.

The approximate hydraulic gradient is from the maximum supply
level, with no water on the down-stream floor, beginning at the point
up-stream where the floor is permeable and ending at zero, ie, at the
end of the impermeable down-stream floor. The ordinates to the straight
line joining these points may be accepted as very nearly accurate measures
of the varying static heads on the floor, the ordinates being measured-
from the underside of the floor to the hydraulic gradient line.

The steeper the gradient, the greater the velocity of the percolation
water ; the flatter the gradient the less will be the velooity or rate .of
percolation, and the less its power to undermine the work.

It has been found in actual practice that a hydraulic gradient of 1 in
15 is sufficient to prevent undermining in finesand. Possibly in soft earth,
which needs a less velocity to move it, as flat a gradient as 1 in 18 may
be needed, but as fine sand is the worst soil we normally have to dea.l
with, 1 in 15 may be taken as the flattest gradient ordinarily needed. " In
boulders, from a statical point of view, the Mya.pur regulator at the
head of the Ganges canal, has a gradient of 1 in 2§, and hns pever -
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shown any signs of undermmnmg This is not surprising, as1b needs
20 times the velocity to move 17 houlders that 1t does to move fine
sand

Dyname considerations will probably limt the gradient even in
bouldets to Lm 7.

An example will explatn the principles 1nvolved better than rmuch
wrnhing, A weir has been built with crest 6/ above bed of river and
foundations & below bed, of material twice as heavyss water Thereare
10 gates on the crest, with floor as 1n sketch, and no up-stream apron,

The upward pressure at D 13 something under 12/ head of water,
80 that the floor thuckness of 6/ 15 ample to balance this head After
a few years of working 1t 13 fonud desirable to 1ncrease the command and
to add 4’ ugh drop gates on the werr, rasiag the full supply level by
4’ The approximate loss of head dueto the extra frietion 1n getting
under the 8 deep foundations 1s allowed for by starting the hydraulic
gradisnt at G, & pomnt vertically above F, taken 8/ distance from the werr,
The hme GO now represents the hydrauhc gradientand works out mn
this example to 1 1n 10

As the material the weir 1s built of 15 twice as heavy as water, 1f we
make AC == AB the triangle ACO will tepresent the theoretical thick-
nesg of floor needed to balance the varying heads of water pressure

The ordwnate CB represents the head at C and as this1s over 18/ we
need & thickness of floor at this point of 87 at Jeast

A cistern may be formed by bwlding a cross wall, but 1t would need
tobe 4’ deep Can the floor be made safe without adding anything
to the downsiream floor T Certainly 1t can, by flattemng the hydraulic
gradient Make AB’ == AD =6, Jom OB’ aud produce the line OB’
to cut the full supply level at H. All we have now to do 13 to arrange
to start the hydranhe gradient at H, and this can be done by adding an
1mpervious upstream apron to J, or partly by an apron to K with
piles ag shown 1n the sketeh It 1 infinitely better to do 15 10 this way
than with cross walls on the dowristream floor, as each of these cross walls
becowes a secondary fall causing further action

The hydreulic gradient could also be flattened by driving piles on
the down stream mde at O, butas this would send the zero of the gradient
further down-stream, the static head on the floor would be increased,

g an of floor thick which we with to avord,
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Far a weir with a vertical drop, insand, I am entirely in agreement
with the remarks of Sir Hanbury Brown, page 371 of Buckley s Irriga-
tion pocket-book —

(1) That extension of the impermeable platform, up-stream of the
drop wall, decreases the upward pressare on the floor below
the drop wall, at the same time that it reduces the steepness
of the hydraulic gradient and therefore the rate of flow of
the percolation water, '

(2) That extension of the impermeable platform down-stream, has
the disadvantage of increasing the upward pressure on the
floor below the drop wall, though the steepress ofthe hydraulic
gradient is favourably affected in the same way as byan
up-stream extension,

(8) That for these reasons a curtain wall is well placed if up-stream
of the floor, but badly placed if down-stream, except as a
precautldn against cutting back and undermining of the
floor. '

(4) That itis a mistake to grout pitching on the drown-siream side
of the floor, unless the pitching cannot otherwise be made
strong emough to resist scour, it being assumed that the
watertight floor bolow the drop wall, is made strong enough
and wide enough to withstand the impact of falling water,_

A careful perusal of Appendix VII in vol, II is strongly recommended.
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RIVER TRAIMNING WORKS,

1, Object of Traning Works —It 1s necessary for the Canal En
gincer to study the questions connected with river traiming, because he
13 often compelled by the necessities of his works to terferoe with the
natural regimen of rivers, and 1t1s therefore incumbent on him to main-
tan and restore or improve that condition, and also, because on account
of his famiharity with the mechanies of water, he 1s necessarily consulted
by other branches of the profession when questions connected with the
mwanagement of these forces bave to ho dealt with,

As noticed 1n the preceding Chapters on Field work ond Works, 1t 13
often 1mpossible to select » perfectly satisfactory site for the construction
of weirs, regulators, or dramage works, but an ymprovable ste may be
obtainable, 1z, one that will suit the purpose intended after certan
alterations 1n the course or position of the river have been carried out,
ond bere one of the first duties of the canal officer 1s to design and put
1n operation the works necessary to attain this end

2 Works of Protection and Direction ~Traimag works may be
e:ther Protective or Directive, or both  They may be required for merely

porary purposes, or as p guardians of the situation annually
exposed to severe actwn or they may have to be placed 1n a position
ready to roeet an emergency when 1t occurs, and thus remain for years un
affected by any action from floods, 1It1s essential, when desigming trawn-
1ng works, fo consider very accurately the actual object which 16 19 neces
sary to attain, and to lay down the lines of action reguired clearly and
with care, remembering that the work to be done way last for years of
steady appheation before cotaplete success 13 attarned

Tu no other class of work 13 the mind of the Engineer so hiable to bs
diverted from the main to some substdiary object Expenence often gives
him great facility 1a controlling or diverting the vast powers of n large
river 1o flood and over confident, he pty to locally amop:
matters to a dogree the river will not permit the result being either a
sudden change inan unexpected directson, wrecking the work of years,
or an annual expend on t wholly 1 patible with the
object orginally ammed at

3 Apphcation of force by moving water —A body of water moving
inn channel, the bed and sdes of which are bard enough to remst 1ts
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erosive action, will travel with greater velocity than will be engendered
in n channel of the same slope and seetion of which the bed or sides can
be eraded.  This reduction of volocity in the Iatter case is due of course
to part of the force which moves the body of water in the first case, being
used up in tho work of cutting and carrying the material of which the
channel is formed. If the supply of water to the hard channel is limited,
the inerease in velocity will result ina reduction of depth and aréa of
moving water section, )

It is o common remark that silt-laden water has less crosive power
than clear water ; the reason for this is the same, the water carrying silt
is expending part of its foree in doing thic work, and its power of eroding
and carrying mord silt is correspondingly lessened. There is undoubtedly
a limit to the quantity of silt a given volume of water moving with a
certain velocity con pick up and carry, and when water has thus laden
itself, it cannot erode more, no mqbbeé'héiv soft the material of the channel
may be; but the slightest addition to the velocity will add to its power,
and catse it to take up more, 1f the force fs applicd inthe proper direction
and the slightest reduction in velocity from any cause will at once induce
o deposit, Thus, from apparently slight causes, often imperceptible to the
closest observation, a body of water may be {requently changing its load
of silt, and steadily, though by very slow degrees, completely altering the
constitution or regimen of its channel.

The velocity of the water alone is not the gauge of its erosive power ;
juat as isthe case with forces applled by stiff moaterial, 8o it is with water,
the direction in which the force is applied influences the effect, Water
sliding over = sloping foreshore will not erode in fmyhl-ﬁng %ike the same
dogres as when it impinges on an abrupt cliff. This point will be at once
understood if the effects of & sharp chisel applied to a soft; wood surface
at different angles is considered; if the angle of applicatxozf is acute the
edge of the chisel will slide over the surface of th.e wood ‘mﬁbout offect ;
if the angle is made obtuse, even a slight force will cause i to enter and
cut away the wood, It is well known that a boulder lying on 'the sandy
bed of a river will be buriod by the ficods; the reason for thisis that the
forces of the flowing flood water, sliding over the smoot.h sz.mdy be.d, when
they meet the obstructing boulder are diverted by impingiog on 1ts. hm:d
gurface to directions suitable for the erosion of the soft sa.'ud on which it
Jies, nnd this sond heing removed the boulder gradually sinks. Exacbl.y
the same effect is produced on o, lgrge seale when a current of water.1s
obstructed by sny hard structure, such as a spur, groyne, or revetment; the
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erosive action, will travel with greater velocity than will be engendered
ina cbannol of the same slope and section of which the bed or sides can
be eroded.  This reduction of velocity in the latter case is due of courde
to part of the foree which moves the body of water in the first case, being
used up in the work of cutting and carrying the material of which the
chapnel is formed. If the supply of water to the hard channel is limited,
the iocrease in velocity will result ina reduction of depth and aréa of
moving water section, ,

It is s common remark that silt-laden water has less erosive power
than clear water ; the reason for this is the same, the water carr};ing silt
is exponding part of its foree in doing thic work, and its power of eroding
and carrying moré silt is correspondingly lesscned. There is undoubtedly
a Jimit to the quantity of silt a given volume of water moving with &
certain volocity can pick up and earry, and when water has thus laden
itself, it cannot erode more, no matter how soft the material of the channel
may be; but the slightest addition to the velocity will add to its power,
and cause it Lo take up more, 1f the force {8 applicd in the proper direction
and the slightest reduction in velocity from sny cause will at once induce
o deposit, Thus, from spparently slight causes, often imperceptible to the
closest observation, a body of water may be frequently changing its load
of silt, and steadily, though by very slow degrees, completely altering the
constitntion or regimen of its channel.

The velocity of the water alone is not the gauge of its erosive power ;
just as isthe ense with forces applled by stiff material, so it is with water,
the direction in which the foree is applied influences the effect, Water
sliding over a sloping foreshore will not erode in anything like the same
dogree as when it impinges on an abrupt cliff. This point will be at once
understood if the effects of & sharp chisel applied to a soft wood surface
ab different angles is considered ; if the angle of application is acute the
edge of the chisel will slide over the surface of the wood without effect;
if the augle is made obtuse, even a slight force will cause it to enter and
cut away the wood, It is well known that & boulder lying on the sandy
bed of a river will be buriod by the floods; the reason for this is that the
forces of the flowing flood water, sliding over the sucooth sandy bed, when
they meet the obstructing boulder are diverted by impingiog on its' har‘d
surface to dirsctions suitable for the erosion of the soft sand on which it
lies, and this sand being removed the boulder gradually sinks. Exactly
the same effect is produced on s large scale when a current of water 13
obstructed by ony hard structure, such as a spur, groyne, or revetment; the
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RIVER TRAINING WORKS, 1y

, forees of the curront striking it are diverted to directions useful for sconr,
and the soft material of the bed near the hard structure is romoved. If
the foundation or design of the hard structure is ubsuitable it will be
destroyod, and this result willbemora quickly attained by the action of the
current if it can succeed in isolating the structure and actiog on all sides
of it by cutting it off froifi the bank of the river to which it was originally
attached,

The remarks made above will at once explain the reasons for the well
known {act that a vocky cliff, or any hard structure of sbrupt projection,
on the banks of a 3andy river, bas a tendency to attract the deep channel
of the river to its vicinity. The first effect on the hard structure may
be slight, but if its form is not calculated to very gently divert the stream,
scour will be induced by even slight currents which will 1n time cause a
deep chaunel to be formed, and may eventuvally bring the main volume of
the river on to the obstruction.

4, Dead water.—Water flowing ina chansel may be confined toa
certain course by the obstruction of dead waters, viz., masses of still water,
83 well as by the hard or soft material of the bed and banks: and when
such & mass of desd water cannot be bodily put ioto motion by the forces
scting on it, it forms by far the most effectual resisting materisl, and it
may indeed be said, that sometimes the true function of a groyne or spur °
is not 6f itself directly to oppose the current, but to hold up a great mass
of dead water and thus control the nver. A very slow motion in the
mass of dead water thus held up is not objectionable, it may even be
advantageous, as it may lead to the formation of a bed of hard clay on the
bank of the river above the groyne from very slow deposition of fine silt.
The dead water will of course not reduce the action on the noss of the
groyne. -

b. Btraightening channels.—When a proposal to straighten any
given length of a river, or to cut off a loop, is being considered, the
Engineer must bear in mind that if the origiral material of the bed
and banks remains unchanged, and the river gradient is not in any part
ertifically absorbed, the channel will regain s orrginal Tength in some
way or another, The natural length of sany chanpe! must evidently be

© thst which will produce a velocity suitable to the material of which the
channel is composed, iz., & velocity which will neither scour nor deposit
silt. Tt is true thete actions are constantly ab work to a greater or less
degreo in almost every river, but this is due to either natural or artificial
interf with the condition of the channel, such as & rise or fall in
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the volume, an alteration in the quantity of silt carried by the water, or
floating debris getting attached to the bed and obstructing the current,
In all these cases the forces at work are trying to balance themselves,
interference at one point causing action at another, just in the same way
as a delicate governor influences the speed of an engine, perfect unifor-
mity is never astained, but the mean result is the correct speed,

This condition of velocity determining the dimensions of the channel
is not confined to streams with easily eroded beds, The author was once
directed to report on the floods of a hill torrent which caused great devas-
tation; very extensive training works had been constructed without any
good effect, the slope was like a hill side, and the bed composed of great
boulders and shingle piled up apparently in inexplicable confusion, A
very careful examination of the bed was made, the slopes and discharge
arens being taken out at close intervals, and this showed that nature was
not the least confused, every section being most accurately adapted to
carry its proper flood volume. The training works then designed with
the care necessary to preserve the natural regimen of the torrent proved
etfective, ‘

It may, therefore, be accepted as an axiom that if a channel is straight-
encd, and its length reduced by training works, uiless the excess slope is
absorbed, the stream will at once endeavour to lengthen the channel at
some place or other above or below the straightened length, or in that
length even if the protection is insufficient. The situation is well exem-
plified by measuring off the eurvature of the river on a map with a piece
of thin whalebone, between points some distance above and below the
length to be operated on; if the ends of the whalebone be held on these
points and a portion of it be straightened, the remainder will curve and
the curves may take any shape or direction, but the length will remain
the same. '

The construction of a weir acrossa river bed or a raised bar of any
nature, will absorb slope and allow of a certain amount of straightening
without ill effects, but the Engineer should not fall into the error of
trying to make the situation too perfect by attempting bo improve a greab
length of river witlout good cause; it is incumbent on him to I_Jrotefzt a
certain length of river above and below his works, but.‘the limits within
which to train should be strictly defined by actual necessity. .

6. Cuts.— It has been stated before that a river rarely re-occupies ant
old deserted channel of its own accord. An old channel as it is gradually
deserted, slowly silts up and eventually gets lined with clay on a contour

-
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down which flood epills can pass smoothly without causing erosion, A
new cut will be quickly occupied by the stream, and eroded to she full
dimensions required for the volume, if it has a greater slope than the
portion of the old channel to be abandoned, bas a good entrance, soil as
loose s that of the old chanuel, and is not too long. The occupation of
the new channel will take place oven if the new cut is dug quits narrow
at first, and the old channel left opon, unless some blocking of the head of
the new cut or other interference stops the erosion; if this oceurs, there
is great danger of the new cut rapidly silting up, and the stream again
taking in a determined manuer 1o the old channel.

There is, therefors, a strong probability of failure when a new cut is
made, which is only slightly better situated as to slope and direction to
tho old chanpel it is intended to replace. Tho balance of advantage of
both channels may be so even, that the slightest interference will silt up
the new cut, which requires a decided advantage to enable the stream to
seour it out. I it is a long cut, the sand scoured near the head is liable
to be deposited lower down 1n the cut, and this process, if continued, will
certainly close the channel. Xudeed, 1t is very difficult, if not impossible,
to scour out long cuts, no matter what advantage they have, unless the
supply is artificially forced into them by partially or wholly bloeking the
head of the old channel,

The process of the stream abandoning an old and ing a new chan«
nel is simple enough, We will suppose that the old channel was exactly
snited to the volume it had to carry : now when a portion of this solume,
however small, is abstracted by the new cut, the old channel must sitt up
in a degree to correspand to the reduction in volume, The sand scoured
out of the new cut is deposited near the tail of the old channel, and this
also slightly reduces the water surface slope and carrying capacity of the
latter ; this tends to force more wator down the new cut. The process
goes on until the ofd channel is abandoned in favour of the new cuf or
until'the action is reversed by some interference.

Freshly deposited silt is much more easily eroded than old compact
soil, and a very slight block to the scouring power in a new cub may
quickly reverse the balance, when the river will return to its old course,

When » new cut is being occupied and the process ia slow, the old chan.
nel will be nearly filled up with sm when it is quick the old channel may
remain open for a long tume, unless special arrangements for warping up
are mada.
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the volume, an alteration in the quantity of silt carried by the water, or
floating debris getting attached to the bed and obstructing the current,
In oll these cases the forces ab work are trying to balance themselves,
interforence at one point causing action at another, just in the same way
as a delicate governor influences the specd of an engine, perfect unifor-
mity is never astained, but the mean result is the correct speed,

This condition of velocity determining the dimensions of the channel
is not confined to streams with easily eroded beds. The author was once
directed to report on the floods of a hill torrent which caused great devas-
tatiou; very extensive training works had been constructed without any
good cftect, the slope was like a hill side, and the bed composed of great
boulders and shingle piled up apparently in inexplicable confusion, A
very careful examination of the bed was made, the slopes and discharge
arcas being taken out at close intervals, and this showed that nature was
not the least confused, every section being most accurately adapted to
carry its proper flood volume, The training works then designed with
the eare necessary to preserve the natural regimen of the torrent proved
etfective, ' )

It may, therefore, be accepted as an axiom that if a channel is straight-
ened, and its length reduced by training works, uiless the excess slope is
absovbed, the stream will at once endeavour to lengthen the channel at
some place or other above or below the straightened length, or in that
length even if the protection is insufficient. The situation is well exemn-
plified by measuring off the curvature of the river on o map with a piece
of thin whalebone, between points some distance above and below the
length to be operated on; if the ends of the whalebone be held on these
points and a portion of it be straightened, the remainder will curve and
the curves may take any shape or direction, but the length will remain
the same.

The construction of a weir across a river bed or a raised bar of any
nature, will absorb slope and allow of a certain amount of straightening
withous ill effects, but the Engineer should not fall into the error of
trying to make the situntion too perfect by attempting t;z? improve a greab
length of river without good cause; it is incumbent on him t? ;‘)rote‘cb a
certain length of river above and below his works, but the limits within
which to train should be strictly defined by actual necessity. ]

6. Cuts.— It has been stated before that a river rarely re-occupies an
old deserted channel of its own accord. An old channel as it is gradually
deserted, slowly silts up and eventually gets lined with clay on a contour

»
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1 1.

ploy P ly or d as ons work, according to the necessitres
of the case, and a complete training work often wmcludes all five methods
n 1ts system

9 Aprons —A subsiding apron 18 generally constracted of loose stone
bonlders or other heavy hard material, but may also be made as a brush.
wood mattress loaded with hard material, when the latter is difficnlt to
obtain  The apron 1s laid horizontally on the river bank 1t 13 designed to
protect of a length width and thickness corresponding to the pated
dimensions of the scour  The action of the fiood corrent will remove the
sand from ueder the apron causing 1t to assume an 1nchned position slop
g from the top edge of the bank towards the river bed, when being m
a favourable position to resist the erosive forces of the current, 1t will
stop further action on the bavk vide Fig 99 Plate XX

It will be noticed that the first effect of the apron 18 to attract action
and to deepen the river bed after the action hay lasted some time the
new position of the apron stops the action on the bank, but the deepening
of bed will go on untal 16 has reached the possible maximum  This depth
15 a moot point  Fory feet for large rivers 1s necepted as a hmit by
many Engincers, but thishas been exceeded 1n certain cases when the river
was compelled to alter 1ts position by the application of very powerful
forces.

It 13 not safe to nse aprons on a large scale uoprotected by other
training metbods the river will be almost certamn to get behmnd and
turn the position 1nto an sland with the most disastrous results When
1t13 desirable to narrow up and deepen the channel of a river, aprons,
combined with powerful groynes and embankments, are safe and smtable
agencies to employ  On the banks of rivers with very powerful currents
the material of aprons 13 sometimes confined by nels of wire rope to
prevent disintegration

10 —~Permeable Bpurs ~There are many forms of permeable obstrue
tions such as Tree, Pule and Fascvne 8purs Brownlow weeds aud Mat-
tresses  All these act by checking the velocity of the current 1n a greater
or less degroe according to their nature and by partully diverting 1ts
direction  The check to velocity mduces deposits generally below and
about the spurs which are usually buried 1n the deposits they form when
the operations are perfectly successful This however, 1s rarely the case,
and however atbractive 1t may appear to 1nfluence a great ver by such

smple temporary methods the result will generally be found unsausfac-
tory, hoth 1n the immediate result and for the reasons previously
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noticed. It is necessary with these great sand bed rivers not only to
put them into the desired positions, but to maintain them, and for this
perwanent works are evidently required.

The selection of any particular form of temporary spur will depend on -
the nature of the bed and the effect it is desired to produce. It would be
absurd to put piles into the bed of a river liable to 40 feet scour, or trees
on a boulder torrent capable of sweeping away the section of a forest; it
is also very necessary to select the means to be used, in conformity with
the materials that can be procured économically in the locality of the
works.

11. Tree Spurs.—The following abstract of a note on Tree Spurs by
Mr P. Denehy, a well-known expert in training works, describes the
conetruction and uses of this method of training rivers :—

“ Tt is o difficult matter to make a general estimate for tree spurs, as
much depends on the locality from which the trees have to be brought,
carriage being a very heavy item, and a great deal depends on the kind
of tree spur to be made, The general idéa of a tree spur is a single line
of small trees across the stream, but this kind of‘spur'i's never of much
use. The river is generally ina worse condition after the close of the
operations than it was before they were begun, and to be of real value,
the trees should be sufficiently close to effectually check the current, and
to divert at least 75 per cent. of the volume A tree spur of this kind is
very expensive and is seldom made.- The first thing to do is to lay out
the alignment which should form an angle of 80° with the stream. The
line for the anchars should be laid out and not that for tha trees; this
line should be in prolongation of the centre of the chanmel into which
it is desired to divert the stream ; it should be marked at every 100 feet
either with a pole or a buoy. When this bas been done, both flanks of
river should be protected with brushwood or fascines, weighted down
with hard material—this is necessary to prevent the river outflanking
the spur.

« The next operation is to get the trees into position. An anchor, a
common one such as that used to anchor country boats, with the cable, a
ropo 75 feet long and 9 inches circumference attached to it, (see Fig. 100,
Plate XX), should be put on board a boat with-a rough upper deck;
gome six to eight small bushy trees or branches should be Jashed on to the
" other end of the cable, the lashings being 1% to 2 inches thick, and long
enough to allow of the trees being at a distance of a couple of feet from
the cable when lashed on. "A fairssized country boat will take three
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anchors with cables and trees complete on board The boat should be
taken 1nto mud stream and anchored 10 such & pocition that the cable an
chors may be throwa overboard 1n the proper alignment The currens
will float the trees into the proper position, which should be 60 to 70 feet
down stream of the auchors If the anchor drags, some trees should e
removed, 1f 1t holds, more may be added. The number of trees which can
o put on to one anchor depends on the current and the density of the
trees, and can only be ascertained by actual test 1n each nstance, butat
13 always better to have too fuw than too many as additional trees can
always be lashed on to those already in the water when the latter get
partully buned in the ailt  When the first anchor is properly 1 position
tho others can bo put m about; 10 feet apart so that the trees may meet
and overlap a little

 The first boat load of trees will form an 1sland mid-stream, dividing
the channel 1nto two streams, the following boat loads should be placed
md way 1n these streams, 2ud so on, constantly sub-dividing the channel
1nto munor streams until the several groups of trees meet and form one

unbroken lme right across the chaunel to be diverted,

«If any of the trees sink below water level, or any gap be noticed in
the hine, new trees or bundles of brushwood should be lashed on to the
old trees right and lefs on the gap It 1s :mportant to see that there 1s no
unduc velocity mn any part of the spur, as soon as this 1s detected adds
vsonsl material should be fastened on, or 1f & serious gap 1s formed a new
anchor and cable may be put 1.

+ If the hine 13 mamtained as described, with a falling river the whole
stream should be diverted 1n & month  The object of placiog the t1ees in
separate groupsis to terfere with the river bed as histle as possible and
to avord creating excessive scour at any particular pownt  If a tree spur
18 Tun out, from one flank, 1t will gradually increase the velocity at the
tead, and before the spur 1s 100 feet long scour will set 10, and the pro-
bakalities ave that there will be a depth of 20 feev of water where there was
only 5 feet at starting

¢ Tt 13 much easier to divert a broad shaliow chrnnel af properly worked
than a natrrow deep one

 Once a tree spur is started the work should be rushed ahead with all
speed, especially as the gaps becore narrow  One boat should be able to
do 100 feet of tree spur per diem provided all material 13 ready, the men
sufficient 1n number, well trained and properly directed Twenty men and
*a ganger form the crew of a baat
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. ‘ All cablesand ropes should be of the best | ocal material ava.ilable;, well

twisted by machine until quite hard,

“ It will be seen that an efficient tree spurisa very expensive and
troublesome undertaking; it is not recommended for general use, but there
may oceur cases where no other method can be applied. The operation
reqmres.the supervision of competent authority, as from the nature of the
work it is practical ly impossible to measure up or check the exbenditure
on labour or materials.” '

12. Pile and Fascine 8purs.—Pile spars generally consist of two or
three rows of piles, the intervals being filled with brushwood or fascines,
which stand well against the stream, and by checking it and causing a
deposit of silt, gradually effect the purpose required. Pile-spurs are suit-
able for channels which are not lisble to very deep scour, or which have a
clay or firm substratum, It is caleulated that such a spur will defend
seven. times its own perpendicular length from the shore,.viz., four times
its léngth below and three times above, but this statement must be re-
ceived with caution. For mere economy of construction, therefore, the more
perpendiculer such spurs are run out from the bank the better ; but when
the velocity is great nnd the spur is long, if placed perpendicular to the
direction of the current, the piles will not stand, and if placed inclined to
the direction of the stream they divert its direction and scour is induced
all along the face of the spur. If the object is merely to protect the shore,
it is better to use a greater number of short spurs than a small number
of long ones ; and.the system should be 5o arranged that the next spur is
put in when the one above it ceases to act.

If the object, however, is to deflect the current to a considerable dis-
tance from the shore, long spurs inclined to the direction of the stream
may be used. The tops of the piles should in all cases be well above the
surface of the water, go that the surface as well as the under-velocity
may be checked. .

When a pile spur acts properly it should collect silt in its vicinity, and
the filtering of the silt-laden flood through the fascines has some tendency
to.cause clay deposit.

* As o general rule pile spurs are not used when more satisfactory
material is locally available, but at the time of writing, & great system of
training works is being constructed. at Dera Ghazi Khan, in which, im-
mense piles arebeing largely used. The results of these works will afford
interesting information. .

13. Brownlow Weeds.—The object of this floating spur is to imitate_
the action of weeds in flowing water, and by checking its velocity to bring
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about the depostt of silt 1n any channel which 1t 18 desired ta close  The
advantages of the system are, that the flow of the water is only checked
and not totally obstructed , that all violent action and, scour along the
face and at the toe of the spur are thereby avoided, that &s silt 1s deposit-
ed m the chaunel, the bydraulic mean depth and velocity of the stream
are decreased, 50 that the work helpsitself on  that the change effected
18 gradual, giving the water tume to scour 1tself oup a new channel, whilst
the old gne 15 being closed and, finally, that the river 15 made to do
the work of filling up 1ts own channel, which, 1f merely closed off by
asolid embankment, would always reman vnfilled and a source of danger

The construetion 1s very eumple, A stout hawser, of a length equal
to three or four times the depth of the stream, 1s strongly fastened to an
anchor at one end, ard to a buoy at the other, and to 1t are attached
Lranches and brushwood, or smatll trees may be lashed to 1t by their butts,
(See Frg 101 Plaie XX)

The anchors may consist of conerete blocks, or of crates, or strong nets
full of kankar and brickbats, and should be heavy enough when im
mersed to resist the drag of current on the streamer. They can
be sunk 1a line with fair accuracy from a derrick 1 the bows of a boat,
should the water be too deep to admis of their bewng filled and closed when
1 place.  (Ste Fug, 102, Plate XX),

The b/uoyu can be onutted 1f the current be very strong and hkély to
carry away the streamer The latter would then lie along the bottom,
powerfully checking the bottom velocity, and rapidly redueing the depth
of the channel by the depostt of silt, Where buoys are used, 1t might be
adventageous to keep each adjacent pair apart from each otber, by light
ngid connecting rods BC, DF, so as to prevent the streamers from get-
g twisted together,

The streamers should be bushed more heavily at the bottom thao at the
top, 1 order to prevent under-cutting, and be placed closer together ab
the heel than at the toe of the spur The portion of bank AE should
be protected with special care, 8o as to guard against the water
catting round the heel, or into the bank below the spur, Rough pitohing
of » sloping bank, or hanging trees, head downwards, from the crest
of a vertical bank will ensure 1t8 protection,

The alignment, of the spur can either bs perpendicular, or at aninchio-
ation, to the axis of the current, for the water passing freely through the
Bpur, no violent set 15 imparted to the stream and no scour tekes place
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aloug the up-stream face or at the toe. On the Sutlej, the streamers
were successfully used in lines parallel to the bank, and o foreshore may
thus be created to a perpendicular bank that is being undermined.

The chance of suceess of Brownlow weeds asa training method depends
a good deal or the balance of attraction down the two channels, one of
which it is desired to divert or close the stream from. If this is very
strongly in favour of the stream to be diverted or closed, the first effect
n$ all events of the weeds will be to reduce the waterway and inerease the
velocity, and thereby the scouring power of the current. If tho anchors
and weeds cannot be earried away they will be sunk or buried, and may to
some extentthus protect the bed. Constant renewals of the weeds and
improvements to the new outlet for the flood may, in time, produce suc.
cess, but a3 grest expense, and this method of training or diversion of
floods volumes is most suitable for channels which only require moderate
impediments to divert-tho current from them.

14, Dattross Spurs,—In localities where hard material is difficult to
obtain and brushwood plentiful, mattress spurs and aprons will be found
useful teaining methods. The mattress can be used as a spur to direct
the current, asa spur or an apron to protect the bank, or as a permeable
cmbankmont to close a channel, The branches obtained by trimming
trees or tough jungle growing on the river banks are used for making
mattresses; willow is probably the best material,

The matiress consists of brushwood contained between two layers of
fascines, and is constructed as follows*:—(See Fig. 103, Plate XX):—

_ Lay a row of fascines of the required width, each fascine being of the
full length of the mattress. Thon drive stakes into each fascine at inter-
vals of 2 feet, and to each stake tie one end of a rope, the other end
being sttached to the faseine, On the bed of fascines thus formed lay
brashwood 3 to 5 feet thick, and on top Iay another layer of rows of
fascines similer to the lower rows but atright angles to them. In this
layer the length of each fascine will be the full width of the mattress.

By pulling up the stakes that were driven ‘info the lower layer, the’
ends of the ropes attached to them can be brought to the surface and
bound round the upper fascines, thus compressing the brushwocd and
compacting the whole mass.

The mattress thus formed canbe floated to position by boats, and loaded
down with stones or heavy materal, or if the conditions are favourable,

_it may be made up and loaded on the site it is intended to occupy.
* Extract {rom note by the late Major R. P. Tickel], R.E.
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Mattresses of considerable dimensions can be used with adventage
from 30 to 50 feet wide and several hundred fees 1nlength  One of
the great advantages of the mattress 13 12 flenibility which enwbles 1t
to odapt itself to the inequalities of the bed on whichit1slad and
also to assume a position favourable to checking scour (bee Fig 104
Plate XX )

Thas f there 15 scour along the toe at A the matiress AB will as
sume the position AcB and effectually stop the action

Brushwood 1s o perishable matemal but as 1t rotsits place 13 taken
by clay sand and drift etc  Mattresses have a tendency to cause clay
deposita 1 their vicwnity by filkering out the sand above and keeping the
water below still

When 1t 1s not possible to obtain heavy materal for loading at a
reasonable cost bags filled with earth and bound to each other can be
used In a recorded case a flood came down on » mattress which was not
only unloaded but even unprovided with the upper faseine layer yet the
mattress stood threw up a heavy milt deposit and diverted the flood This
bas led toa number of spurs bemng made of unloade 1 mattresses which
have stood well but 1t wounld be unsafe to agsume that unloaded mat
tresses can as a rule be depended on

When first using mattresses there 1s o temptation to try and assist
them by using piles along their edges driving stakes mto them ete This
must be resisted as 15 deprives them of their great advauntage viz
flexibibity

15 Impermeable Groynes o~ Spurs —These works can bebuilt of an
infinite variety of designs from a stmple sand spur supposed to effect 1ts
object as 1t 13 being rapidly washed away by the current to < massive
groyne co ting lakhs of rupees  The mout ordinary forms used are —the
sand Bpur obstructing a side channel 1t 13 desired to close with 1ts head
generally ending on an 1slet or sandy patch m the river bed the dry
stone or boulder spur the crate or box apur, the masomy or bualt,
spur and the hearted groyne

The selection of the particular form to use 1n any case must depend
on the importance of the object to be attamned the matertal available
and the nature of the river

The action of a spur will be greatly infiuenced by 1ts direction , thusa
perpendicular spur will hold water up above 1t (this held up water 13 the
real obstruction) and cause a reflex action below, which 1f not counteract
ed may eventually destroy the spur This reflex action 13 due to the
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flood water trying to fill up the low level below caused by the obstruction
of the spur. (See Fig. 105 Plate XX),

An impermeable spur, oblique to the current, as it cannot hold up
water, will be exposed to severe scour in the direction of its length,
where it is least able to withstand it. An oblique spur will direct the
current, but will not protect the bank above. ‘(See Fig. 106, Pate XX.)

An impermeable spur, acute to the direction of the current, will hold up
water above itself, (see Fig. 107, Plate XX), and not cause such
marked reflex action as a perpendicular spur ; but the extra expense of
construction will bardly compensate for this advantage, as the reflex
cirrents can be counteracted by minor spurs projecting from the lower
face of the perpendicular spurs, and the action ou the head of the acute
spur will be severe and complicated,

16, BSand Spurs.—Sand or earthen spurs unprovided with heads of
hard material, though of little use as a permanent protection, may often
be employed with useful effect in preliminary or subsidiary operations.
The dry boulder spur s used in a similar manuer in rivers and torrents
near the hills where the velocity is great.

‘When boulders alone will not stand, crates of various forms made up
of rough round timber are used to hold a number of boulders together, so
as to provide more weight than the flood current can move, or the loose
boulder spur may be covered with.a net-work of wire rope, which has
the samé effect, and is more flexible.

Built masonry spurs are only possible when the foundation is either
sound and not liable to erosion in the first instance, or has been made so
by exposing box spurs to the action of the current until they are settled
and compactec'i, when they 2an be built up with ‘mortar into the form
found most suitable for permanently resisting the action of the river,
In some cases a spur is built up of large artificial blocks of concrete made
specially for this purpose.

In most cases a revetment (see para, 23, Chapter VI) will be found
a more economial and better protection to a river bank where there is
action from high velacities, thana series of small spurs, which ]att?r,
though cheap to construct at first, require constant attention and repalrs
as long as the river acts on them. _

17, Permanent Groynes.—A permanent groyne is a sand, earth, or
stone embankment jutting out into the stream, with jts head constructed
of hard material so designed as to protect itself and the embankment
from destructive action. :
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The trawing of & large river may be carried out by means of a series
of groynes connected by marginal embankments, or by two powerful
works one on each bank of the river, The employment of two powerful
works only practically necessitates the excessive local deepening of the
nver bed, and 15 therefore, more suitable for bridges with deep well
prers, than for weirs over which 1t 13 desirable to carry the volume of the
fiood 1n 8s smooth and even a manner as possible, and where excessive
scour wonld certainly bave a most njurions effect.

18 Deop River traming —When only two groynes are employed,
the ratlway embankments and bridge abutments practically form part of
the graynes, and the deepening of the niver bed 1n the viemty of, and
under the bridge, 15 purposely designed m order that the foods may have
the greatest possible mducement to occupy the bridged portion of the
river Many Indian rivers crossed by railways have channels of great
width over which the flood volume wanders occupying sometimes one
portion, and sometimes another but never the whole The area of
bridge opening allowed for the flood volume 1n the portion of the chaunel
selected a8 most favourable 1sonly that carefully calenlated when scoured
oub to 40 feet below normal bed ag sufficient for the maximum flood, and
1t will be ensily understood that very powerful training works are neces-
sary to control the immense forces of a great river in a masterful fashion
under such conditions,

The 1nception of this system of management of rivers for ralway
purposes, from which great efficiency and economy have resulted 13 due
to Mr J R Bell,and the system of training 1s called the Bell e bund
systemn  The design of his groynes 13 practieally the same as the canal
tramning works at Okhis near Delln  The latest, and probably the most
powerful works of this nature ever constructed arethose for the traming
of the Ganges river at the Garhmuktesar bridge of the Oudh and Rohil
kband Railnay The plan and section of one of the groynes anda
sketch of the site, are given in Plates XX and XXI, and the followmg
extract from a note by Mr Johns the Eungineer in charge, will give a
general 1dea of the scope of the work —

*The protection works are two sunple parallel stone pitched bunds ronuing at right
angles to the abuiments, nad with plawn straight noses at the ends The Jand sides of the
‘bunds are sodded or Lightly pitched according to circumstances 1t will bo cbserved that
vhereas the western protection is 92 chains long up stream and 5 chuins down stresm,
the Eastern only extends 15 chains up siream and 5 down  Ths reason for thia 1a that s
further extension would have narrowed the Eastern channel excessively with the pro-
bable result of & breach an the trunmg works it the nier came down 1n high flood, before
the lsland sbove bad time to cut away  On the other hand it was feared that s short 5
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length of bund az 1,500 feet might not protect the railway in rear from attack as the bank
projected some 3,000 feet into the old river bed. Actually the bund ab its present length
Pas basn found to give ample protection, so the iden of extending it (pari passu us the
island out) till it equalied the West bund has beon abandoned. The lenger of the bunds
is a little shorter than Mr. Bell's standard, which fixes the length of bund as a little
greater than the length of bridge.

 Another difference from Mr. Bell’s type, and T think sn improvement, is that the
noses are straight instead of rounded,

¢ The sections of the training works were based on those at Narora,* but inasmuch
os there was no point d’appui on which to rest the up-streams ends of the bunds, and as
both were lable to attack according to whichever brauch of the river predominated, the
amount of pitching material was practically doubled, i.e,, 4 foet on slopes 87 % 25'on the
berm, and the noses solid.

“There are about 30 lakhe of stones in the bund and 90 Jakhs of earthwork, besides
10 lakhs of stone inreserve, The results after one monsoon are highly satisfactory; noba
atone has been shifted, even at the nose of the East bund where the velocity was tremen-
dous : while in high flood the river ran through the bridge like a canal, without any swirls
or currents ab theo edges, though 50 feet off there was 40 feet of water. This I attribute
entirely to straightness and evennoss of line. It may no doubt be said thai too much
materin]l has been used; the fault, if it exists, is on the right sids ; by using oo little
material one runs the risk of losing all. 2nd repairs are certain to be heavy, whereas by
using too much ons lozes litile or nothing and for every reason it is desirable {o have a
good factor of safely in works of this kind,

“The pitching material was 2,200,000 cubic feet of stone from Delhi nnd 1,800,000
cubic feet of block kankar, the former ig the heaviest, but the latter binds better, so there
is little to chooss between the two. The specification for the minimum aveight of each
stons was 80 Ibs., with 15 per cenf. of smaller material. The stovs was hand laid to o
true surface thropghout.

« The total cost of the work will be nbout 64 lakhs (£43,383). Construction was begun
in December, and finished in May, about 170 wagons coming in daily when things were
in full swing.”

19, Great Weir Training Works,—The system of protecting a great
weir by a series of groynes will be best understood by the description of
successful operations of this nature, and the following extracts froma
note by Mr. P. Denehy gives many interesting details :—

“ The writer had to train the Jumna river at Okhla and the Ganges river at Narorg ;
the former for a length of about 10 miles, i,e., 7 miles above the weir and some 3 miles
below it, and the latier for 53 miles above the weir and 16 miles below it. The works were
started at Okbla in 1881 or 1882, loug hefors the Railway Engineers realized the impor.
tance of the subject. Both the systoms {Okhla and Narora) are practically the same, and
congist of & marginal bund of earthwork running parallel to the river, nnd {rom half to
one mile distent from it ; from this bund spurs or groynes are thrown out at right angles
to the axis of the stream, their heads consisting of rubble stons or block kankar. The.
length of “any one groyne wilt depead on the digtance from the groyne sbove or below it,
and with groynos at intervals of half a mile, theiv lengths should not be less than half

—";T,he Traiving Works at the Head of the Lower Ganges Canal, designed by Mr. Deneby.
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a mils, tha nver will then cut or loop iu a furlong or go behind the groyne head, thus
leaving 8 furlongs betwesn the river and the marginal bund or other wark to be protected,

“For obvions reasons all the groyne heads should, if possible, be 10 & straght
linie, 85 thoy then assieb each other, and they also buing the rivor siraight on to
the weir, and there 13 much less action on the groynes, as it 1s the atnuous
conrsa of & Tiver that causes erosion, but for very great lengihs this 13 net practi.
oable, and 1t 18 necessary 1o provide for vurves 1n the system, and in such cases the niver
shonld be dinided into sirasght runs of not less than 4 mules, (the lopger the better), no
curves of any great length being permitted, for though they look quite the proper thing
on paper, long cutves 1duce the river to scour along the concave side, and at the end of
the curve they cause to 18 1mpinge with greab force on to the cpposite bank  With proper
caro and forethought 1t shonld be possible to arrange for a straight run of nver for at least
5 or 6 imles above the weir, the rmitial expense may be greater than for a carving
approach, but 1t 1s econom) in the long-run, a3 1t reduces the annual expense on repairs
and mamtenance, and 1% ensures the safety of the works which have to be Protected
It also ensures the safety of the groynes themselves

#The number of groynes in both the nivers mentioned above aggregates 60, se, 16
on the Jumua and 44 on the Ganges, snd though they have now been 1z exstencs for
nearly 20 years none of them have been out flanked or carried away Although the
general priveaple of the systems on both nvers 18 the same, conmiderable 1mprovements 1o
the detafl ot the groyno heads at Narora bhave been carmed out These jmprovements
suggested themselves from time to trme, and though they perhaps 1uvolved some
extes expense 1 imtial cost, they have resulted 1 A great reduotion of arnual
ontlay on repairs and maintenance which, after all, on works of a semi permanent
natars, 13 always the most important consideration

¢ As the Narora trainiog works are the most important, and are of the improved pattern,
1t may be ns well to deseribe them 1n detas] Plafes XXIII to XXVIL will show the
condition of the Ganges nver befors bemng trained, the varions types of groyaes tested,
and the action of the currepts on them

4¢The Narora Weir with scouring elutces 13 4,200 feeb long, The crest of the weir
13 10 feet above the normsl low water level of the river, and 1t 15 this raimng of the
bed of the mver which necessitates the long Line of trainng works sbove the weir
and perrmita of & certain amount of atraighteniog by reducing the efieative bed slope,
The cansl takes out of the right bank of the river where the level of the country 1s
some 60 fest above lugh flood level, and to avoid the deep excavation which for a
caral 212 feet bed width wonld have been prohbitive, 1t was demided to run the
canal along the hhadsr or valley of the ryer, and about balf to & mile distant from
1t, for some 16 or 1B mules, until 1t reached a positton where it could enter the kagh
labd 1o moderate excavation, It wss to protect the canal from the erosion of the'
niver thst the long line of braming works below the weir was destgned, snd lo
prevent the floods which sre rataed some 6 or 7 feet by the weir, from flowing on
to the low land on the lelt bank above 1,1t was necessary to comstruct sn embank-
ment from the weir, up to the Oudh and Rollkkand Railway embankment at
Rajghat, & distance of some 5} mmles this embenkment 15 known as the left
roargioal bund I was coastructed at a distance of about bsli to one mle away from the
man stresm of the nver The distance between the bigh bank on the nght and the
marginal bund. on the left bank 1s about 13 miles, through which breadth, before ihe
construshion of the training works, the river meandered Irom mde {o side, at times
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tbrontoning thoe destruotion of tho marginal bund ; nnd as the valloy w

wide, the volocity of tho river boing checkod by the weir, large is]aid“zs mUOP o
above it woro forined by deposila, which masked three.quartors of the w:irmmedmtely

* Below tho weir the forco of the river was drawn to the right flank chio.ﬂ th

the nction of the weir sluices, which have to bs worked almost continuon:l .!O‘:;l:!
floods, to keop the channel above the canal head open, and the eanal itself fr};amf 0‘
silt, As these sluicos nro capablo of disoharging some 40,000 cusces, and tho nor:::ml1
diecharge of the river during floods is net more than 100,000 or ]2'0 000 cusecs tl?o
continual dischurge of 40,000 cusees through a narrow channpel (the \:.'oir sluices. are
only about 400 feet long with n watorway of 965 feot, while tho weir has 8,800 feet
clenr waterway) indoced a very deep channel on the right flank, and erosion, of the
land betworn the river and the canal set in from the duto the canal was opencd

in 1877,

“In 188'{ less than two furlongs of Iand remainod betwaen the river and canal at
various points in the first 12 miles bolow weir, and the Ganges has bpen known to
cut through A mile in 24 hours, g0 the position of the canal at that time was very
preaarious, Variouz imethods of training the river above and below the weair were
recorted ta in the ten years abovo noted They wero mostly of n temporary nature,
puch as treo spurs and earthen bunds scross spill channels, or projecting into the
tiver ; but an sitempt at permanent trainivg by mesns of groynes with the old
horseshoe-shaped heads, of kankar in cribs or erates (¢ce Plate XXVIII) was made
above tho weir ; however, all these methods lacked permanence, and there was no
finnlity to the work, fo that the expenditure went on increasing gradually from year
to year, until in 1887, the total annual expenditure had risen to nearly two lakbs, and
tho worst of it was that the state of the river after cach yuar's opsrations was worse
thau its condition in the preceding year; the aggregnte exponsos for the ten years am-
ounted to 10 lakhs, The horse-shoe groynes above the weir failed, because, though
thoro was n great quantity of material in the groyne heads, it was not placed so as
to protect the up or down-tream facos of the embankment, and the force of the river
struck sgainst the bead (which had nesrly vertical sides) creating swirls and eddies
which scoured out & very deop hole at its base: this ‘holo extended back to the earth.
work embankment, and the whole structure either collapsed into the deep hole, or the

emabankment got breached behind the head,

¢« The whole five groynes of this typo wore carried away in 34 hours during the high
flonds of 1880 ; since that dnte to 1887 ireespurs were resorted to, but these owing

to, their perishablo nature had no permanpent offect.

«]p 1887 the Okbla system of training works Wns introduced below the weir
and 28 groynes of the Okhla pattorn, with certain improvements and modifios-

tions, wore constructed in the course of five or six years; also two groynes of
the new type., In 1898 it was decided to train the river above the weir similarly,
but hore the new type (seo Flate XXV} was introduced, and in order to bring
the river straight on to the weir and got a channel fres irom islands and all
obstructions, it was decided to have groynes at both flanks of the river, each pair
of groynes facing each other, tho distance between their heads being 3,000 feet,

vis., the normal width of the river  Those groynes acted admirably, an«? there is now &
Rohjlkhand Railway Bridge and Narors,

clear straight channel betwpen the Qudh and
a distance of about 5} miles,
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* The expense jacutred on these works from 1887 to 1900 inciuding 2nnual repairs
and mantensnce  was 10 lakhs of rupess, or just what was spant an the 10 preceding
years on the temporaty expedients nlceady referred to  and since the whols system was
comapleted the annual expenditute bas been reduced to something hke Rs 30,000, and
this no doubt Wil be conmiderably reduced as time goes on,and when the groyne heads
havs finally gettled down to the deepest socar which theriver ishableto  The difference,
therefore, 1n temporary and permanent niver traiming works oser s period of some 23
years at Narora s that the latter only cost 10 lakhsin 13 years, with & permanent redug.
tlon at the end of that period to Rs 30 000.ancually, and the former cost 10 lakhs iz 10
years, with an annual expenditure at the end of that peziod of 2 lakbs Moreaysr, thers
are now 44 geoynes standing 1n perfect order and repair whereas in 1887 there was neta
semblance of the temporary works left experience therefore shows that temporaty niver
tesfining works should only be resorted to ass very temporary measure and jn case of
great emergency The advantage of the new typa of groyne introduced above the Narora
‘Weir 19 that, having its head langthened out, it affords better protestion to the up and
Qdown stream laces of the embankment, and runmng parallel $o the nver 1t creates Jess
action,and therefore the annusl repairs and mawmnteasncs are greatly reduced The
double headed groyno at Okhla and below the Nazora Werr stands very well, but ft does
not extend sufficiently up steeam and the rver cuts 1n behind 1t It affords no protes
tion at all down stream and ths action cansed by the portion which projects into the
river is tremendous, 2nd cours away the berm from the toe of theslopes, and this goes
on yearalter year for at least flve or s1x yests, whereas the heavy action and repairs to
the new type practically ceases atter thres years The1uitial cost of £ach Lype 19 practs-

cally the same say about Rs, 15,000 but the aunnal expensa on repairs and mainten
ance may be taken as follows —

0ld type New type Remarks
Rs Rs
st - . 5000 8
2vd . 8000 2,000
8d | . . 2000 1,500
4th - - 1500 3500 | And lasts seven years
sth ., . - 1000
2 600 . w o five
Total . 15,000 10,000

50 that the cost of the old type afber 10 yedrs amounts to about Rs 20000, and the new
typs after the same period, would be about Rs 25,000 and the latter has the advantage
of offering & better proteation to the embankment as already described

T addition to the above,1t 13 most necessary to provide a reserve of at least 50,000
cttbig feet of material on both types, Thig swould bring the expenditure up to Rs 35000
per groyne for the old type and Rs 30,000 for the new type Ifthe writer had to carry
oul a aystem of tramming worke similar 4o those at Narora agaln, be 18 quite conwineed
that 1t would be poassbla to reduce theezpenditure by another Rs 5,000 per groyne by
100reasing the thiskness of berms from 6 $o 8 feet and the width from 20 to 23 feet , this
wonld add another Rs 4,000 $o-1itial cost, but the berm nesd not then be repaired uatil
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the width ?vas reduced by erosion to about 10 fest, snd in ordinary cases settlements would
ceasgat th‘xs point, and it would only be necessary to maiotain them to this width, the
cost ?E which \VO}IM nob be greater than Rs. 5,000 for 19 years® Tho advantage of
mass‘l‘ve groyues 1? pt.oved by thesplendid result on the Garhmuktasar bridge (ses para, 18}.

When designing groyne training works it is uecessary to pay attention to the
following points ;— .

(i) The result of a series of groynes at half-raile intervals is to straighten the river
out and to sause sils to deposit in betwoeen them, but there is always a- loop
cubout above and below each groyae: the greatest depth of this loop observed
in 20 years is 660 feet, or exactly one-fourth of the distance between the
groynes.

(i1} The whole leagth of 2 grovne should if possible beina straight line.t

{ib) The groyoe heads should be parallel to the river, and at right angles to their
embankwents, the whole groyne beng again at right angles to the marginal
bund, or other work, which has to be protected. -

{iv) The faces of groyee heads should be perfecbly free from any irregularities or
projections, such as trees, cribs or small spurs ; all such projections creats
swirls and cddies which tend to undermine the groyme heads above and
below them.

{v) All diversions of rivers aad spill channels shonld be made inside or at the land
side of the groyne head, as if they are put nfo the river they ofier obstruce
tions and, tend to injure the structure.

{vi) 1f the head of a groyne has to be built where there is a deep scour, do not alter
the position of the groyame toavoid expense of filling up the hole, as a great
deal depends on the alignment of the groynes; and do ot Silup the hole
with solid materizal, which is a useless expense, and 1n fact is injurioas to the
structur as it would cause irregnlarities 1a the action of the currents. The
best thing is to fill up with sand tolow water level and build the groyne
head on top of the made sand platform. Should the volocity af siteof head
be too great fo admit of sand filling, 1t way be necessary to make s coffer-
dam with brushwoos, or other perishable material, and if rubble or broken
bricks bas to be resorbed fo, care should be taken that no solid maderial
projects outside the groyne head.

(vii) The proper method of closing or diverting a channel which may happen to lie
inside the alignment of a proposed groyns head is to firat raise anembankment
at both sides of the channel, so as to pravent the water spilling over the banks

when the channel is being closed ; having thus secured both theflanks from
erosion, collect n gnfficient guontity of material close athand fo close the
chanpel in as short a time as possible, Have suffcient boats fo form a
gangway right across the channel—this material should be on both fanks, A
crowd of men should then be put on to place the material which should be
laid right across the full width of the chaunel in 2-fest layers. If this is done

*Phe amonnta quoted in this nots can only be read ag representing the relative cost
of ench type of construction, The actual cost at any particular locslity will depend on the

facilities for supply of meaterial and labour,
4The somewhat erratic alignment of several of the groyne embapkments at Narora,

isdue toold existing banks having been accepted as the base of some of the new hesds
when the temporary training expedients wara abandoned. .
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there will bel ttla or no scour, as the bed gets gradunlly paved , any materal
auch as brickbats will do for the lowsr portion of this kind of work, but as the
bund retches near the surface Jarger material muat be weed, as the 1oerersed
velocity due to the reduction of ares will carry away small material
“ Another smpla methad of closing or warping up a side channel A (tee Fig 108,
Plate XX) 1 to dig a reverse cut C to the mamn niver, and make & sand bund B scross
the mide channel the reduced veloeity 1n A will rapidly warp up the channel
20 Length of Trammng Works —It must not be supposed that all
wetrs will require the 1mmense length of tramning works built at Narora .
here the great length of canal and marginal bund exposed to the fluvial
action necessitated these costly extensions A reference to paragraph 11,
Chapter IV nd paragraph 16, Chepter VI will show the necessity for
great care 1 ahigong the head length of canal and the flood spill
embankment  With works aligned as there shown necessary, 1t 1s
probable that the permanent trammng groynes for a weir over a large
river could be confined to a total length of five or s1x mmles A Little
conaideration will show thet there 15 no real difference in prineiple
between the Narora groyne system and Bell’s bunds as built at Garhmuk
tesar, the latter being & single pair of rmmensely powerful groynes In
action, however, there 1s the important difference that with Bells bunds
the heads of the groynes are approached near emough to each other to
scour the river bed to a great depth, while ay Narora, as this could not
be permnted for a weir, the flood currents fluctuate from side to side
occupying deep beds at the sides of the channel with moving depositsin
the centre.

Chanre] with Chanvcel with
Bell s bunds separate groynes

The Narora system 13, therefore, to a certamn extent unstable as com-
pared with Bell’'s bunds, and 1t 18 possible that narrow deep chanmels ag
the entrance and exit of the tratming system with the intermediate series
of groynes gradually wideoing out as they approached the weir would
tend to & more constant and even river bed.

One pomt 13 of the highest importance 1 traiping operations, viz , the
determination of the true length of channel really requued by the river
between any two given pomnts, it 13 doubtful :f this pomnt has ever
recerved the attention 1t deserves, yet on it manly depends the perma
nence of the trammng system
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' 21. Inundation Embankments*—The tendency of Indian rivers to
shift their course and raise their beds by the deposit of silt has already
bee¥1 remarked upon : one effect of this tendency is to cause severe inun-
dations during the rainy season. Nearly all the rivers of the Punjaband
[.Tpper India, in general, flood their banks for a certain breadth on each
side throughout a considerablé portion of their course, these inundations
gradua]l Y increasing as the river approaches the sea, where it terminates
In an immense delta—which, during the rains, is little better than a vast
sWamp,

Now so long as these partial inundations are confined withia reason-
able limits, little harm and much good result from them. They do not,
1t is true, tend to the healthiness of a district, and they prevent any
autumn crop being sown on the inundated land ; but the silt deposited
by the water tends so to fertilize the land, that, on the subsidence of the
inundation in the cold weather, the richest crops are produced with
scarcely any trouble. In such parts of the country, it is customary for
the cultivators to construct temporary villages, which are abandoned
when the rabdi or spring crop has been reaped: or such villages as are
permanently inhabited are built upon natural or artificial mounds, and
if necessary, delended by embankments.

The autumn crops which lie along the edge of the inundation are also
defended by bunds which often extend for miles in length; these bunds
are of no great height or solidity, as they are not built Where the water is
deep, and are merely meant to save she crops,

But such inundations, from local causes, often attain to great force, and
sweeping over the low ground, may extend through the heart of a districh
with a breadth of many milesand a depth of several feet, Houses, villages,”
and crops are swept away~—cabtle and even human beings destroyed.
Moreover, the water no longer flowing with a gentleand scarcely percep-
tible current, acquires great velocity in its course through the low land
and having no time to deposit its silt, impoverishes instead of nourishing
the soil. An Engineer is often called upon to provide a remedy for such
a state of-things, and there is no work that demands more patience and
skill, and none more anxious or interesting in its results.

Thus it will be seen there may be two classes of embankments designed
to provide for two different states of things, viz., (1), long continuous

# Extracted from © Roorkee Treatise on Civil Engineering,” Section Irrigation Works

edition of 1877.
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lines of embankment to check the spread of lateral inundations, and
confine the niver within certan hmits, or (2) a comparatively short
piece of embankment thrown up to shut ont a merely local inundation

The science of embanking, 1f 1t may be so called, 15 stall 1n 1ts 1nfancy
and very diverse are the opmious of Engineers on the subject It ss
contended by the opponents of river embanking i general that ench
embaskments, by restricting the bed of the river within certain bounds
cause such & rapid elevation of the bed from the free deposit of mlt,
that the waters of the river are year by year rawsed to s much higher
lovel , the embankments have therefore to be rawsed and strengthened
regularly, so that at last the bed of the river may be raised considerably
above the level of the surrounding country, as 13 the case with the Pon
Ttaly, and the Mississipp1 at New Orleans— thus whenever & breach may
oceur, the 1nundation s wnfinitely more destroctive than any number of
nundations when the nver 13 allowed to take 1ts own course
unchecked

On the other hand 1t 1s contended, that by confining the river between
embankments, the veloaty of the current 18 1ncreased, and thus the amount
of silt depomted s lessened,—that the improvements of the river thus effect
ed for navigable purposes, together with the great area of land annually
saved from 1nuod more than compensate for the loss caused by an
oceastonal breach of the embankment,—that the evils of the present sy8
them of embanking arise from the want of method by which 1t has heen
characterized, and by no means involve the general principle —and that
1f 8 certain amount of space be given for the Tiver to expand 1a on both
mdes of the cold weather channel, there 1s nothing to be feared with
ordinary precautions

In Ambrica, the question of embanking or non-embanking has been
practically settled by the occupiers of the land on both sides of the
Missisnippi, where, as fast as the ground has been taken up and cleared,
bunds of levees (ag they are there termed), have been thrownup as a
defence against the encroachments of the river The maintenance of thess
levees 1 bewng gradually brought under the control of the States mn which
they are situated, and Civil Engineera are now generally employed to lay
them out, and construct them on the best principles *

* The 8tadent may consult Hewson oo *Levees,' and Ellett ¢On the Miseissippi and Ohio
Rivers, also the very able report Which has already been referred to * On the Physics and
Hydravlies of the Mismussappa Faver,”
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In important cases levees should be made double, the two being sepa.
rated by an interval of perhaps 100 yards and connected at intervals by
cross bunds. The advantage of this method would be clearly the isola.
tion of any breach in the first embankment ; and by ‘gent}y admitting the
water-through temporary sluices into the interval, there would probably
be so large a deposit of silt, that the space would eventually become
one massive bank.



CHAPTER IX.
DELTA SYSTEMS AND RESERVOIRS.

1. Delta rivers.— The following exutacts trom a description™ of Delta
rivers given by Col Rundill, CS.I, R.E, explam the pecnliarities of
works copstructed ou this system .—

The term * Delta’® 15 usually nnderstood to comprise that portion of land which 1s
situated between two of the main branchas, nnd which 15 shaped 1he the Greek latter
from which 1t1s memed But the term 15 mors properly appliable to all Jand which
bas been formed by the inundation of a river from that point 1n its course 1 which 1t
overfiows 1t5 natural bapks The three graat Delta nvers 1n Madras, the Cauvery, Kistna
and Godavery, s}l bave ther sourcea in the Western Ghats  After leaving the mountains the
Cauvery flows through hully country unt:l 1t reaches the plams within 100 miles of the
sea, but the Eiatna 2nd the Godavery, after travaraing the greater part of the Pemineula,
encounter the range of mountains which stkirt the Eastern coast upward from the
Iatitude of the Kistna, and break through them within 50 miles from the coast, The
Nahapaddy, 1» Omnsss, bas 1ts source in the platoau of Central India, and also bursta
through the Eastern Ghats at abovt 60 miles frem the sea.

In all these rivers there are indications of the sea having formerly washed the bave of
the hulls, so that the alluvial formation has been a process of gradual reclamation , &
process which is still going on, and raust continus #s leng as these revers carry away the
eaotmous smonut of detritus with wiuch their freshes are charged. As soom, then, s a
niver bursts through from the high ground into the ocean, 1t deposts the matter which
1t bas held 1n suspensiop, and gradually makes land notil the new formation rises nbove
the sartnce {Plale XXIX, s 1and 2). Thenvet them flows over tiug mawly.formed
ground and of courgs, as the largest amount of deposib alwaya takes place whare 1ts velocaty
18 first Jost, the ground in the immediate vicimity of the siver geadually nses 2nd forms
its banks, Bucceeding freahes woar a shallaw trough for themselves through this ground,
but as they always nso above the level of the banks the latter also begin to rise higher
snd higher at the margin, until at last they are only occastonally overtopped in floods, and
8o the sily 18 carmed fwreher and furth: t 1 the same king fresh
1and, spreading ont 1n a fan like ahape. In process of time, ay he direct courss to the
628 becomss longer, and the trongh of the miver bacomes more defined, the overflow
1 successive freshes naturally follows the direction of the greatest slope, which 15 more
or lens perpendicular to the river banks, and this overflow cuts by degress new
o0urses for 1tselt—generally by the shortest route to the se2, The new channels, thus

made, 1n time become new branches of the mver, and itis generally [ound that the
branches of & Delta river multiply as 1t approaches the sez

After o Delta has been formed, tke slopa of the river bed will be lonnd greatest at the
polnt where 1t first breaks from the mountains or high ground, and togradually dimunishk
until it reaches the ssa lavel It may easily be understond from this, that,as s Delta

* V1de Lectures to Sobaol of Military Hingimeering, Chatham, 1876
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oxtonds, and the course of the river to tho sen gets Jonger and longer, the deolivity, both
3

?f the bed and sarface, must gradually becoms gentler, until it is no wmore than a lew
ioches in the mile.

Whon the slops thus gets diminished, the river, inorder to discharge the volome
with which it is charged, must alter its othar dimensions, and therefore increase sither
in width or depth—~genorally in both, It js thon that changex it its regimen cormmence,
tho banks crode, the depth inoreases, snd general irregulsrity of section prevails, Aa’
now branches got formed a large portion of the volumo is abstracted into the new
chnnuels, and the original main course bacomes choked with sand and depoait,

Sometimes tho relative size of the main river and its branches get co complately
altered, add the regimen o disturbed, that it is o difcult and a very expensive mabler
to ro.regulato proparly their relative disoharges during floods, While such rivers are
allowed to take thoir own courso unrostrained, all sorts of complications arise with the
riparian landlords, and in the attompts to benefit the community & good deal of indivi-
dual hardship must necessarily ocour, but still the interest of the few must give way to
tho safety of many,

2. Peculiarities in some Delta rivers.—T..ere ig one characteristic in Delta rivers
which requires to be spscially dwelt upon. Though it is not noticeabls in every main river,
yot 1! is one which will bo found in some of the branches of almost every river, and that
is, o gradual diminution in sectionsl ares nnd of discharging cpacity. This occurs
most poticeably in tho cass of tho Mahanaddy, in Orissa, whers the sectional arez of
most of the branches at & point 256 miles lowor down ie little more than half whatibis
atthe hoad of the Delts. What has led to this condition is not capable of exact
explanation, but it isa faet which has rendered it difficalt to determine on the best mode
of dexling with its extraordinary floeds. ILdke all Delta rivers the Mahanaddy overflows
its bapks in extreme floods fo a greater or less depth at various points of its course. To
provent the low Iand from being injuriously fooded, marginal embankments are necessary,
snd have boon constructed over the greater portion, but as they were constructed ab
intervals, and without special roferenco to the river's digoharging capacity. the result has
boen that st times of extraordinary floods the embankments give way in meny places,
and great losy ensues in the looalities inundated.

Another peoulinrity in Delta rivers is that the declivity of the bed is not, as one might
supposo, distributed regularly, but is divided into geries of steop and flat glopes, The
inolination of the surface of the water in foods does not follow that of the bed exaotly,
but nevertheless. it also 1s not exactly uniform, but the elopes of the bznks iz more
rogular, gradually diminisking from the head of the Delta to the ses,

The consoguences of embanking the upper reaches, and so preventing any spill over thP
banks, is to throw A much larger volame into the lower reaches, and raise the level of the
river's surface, This is & point whiok it is requisite to beat in mind when protecting ‘
projective embankments on a Delta river,

Thera is Al4o A ourious phenomenon connected with the river wave and the velooity
with whioh it travels. This velovity is quite distinet from the current. It is merely
the speed at which a sudden acosssion of a fresh volame of water 1nto the river travels.

In the Godavery tha wave travels about 2 miles par hour, while the sutface valooity
of the current, in full flood, is between 5 and 6 miles per hour. The explanation of this
phenomenon is cleatly desoribed in Messrs. Humphrey and Abbott’s book ?n tho
Missigsippi. It is s point requiring te be studied, for on it depends the calculations of
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discharge, a5 on the period of the passage of the wave at the puint seleoted for ohservations
of the river s r1%e and fall depends the local flood slope  A# long as the ver 1s mising the
top of the wave has not yet arnived, and the slope, 1nd hence the discharge, at any given
stage of the river, willhave its mammum value for that oseillation When the miver
reaches 1ts lhighest pont the fop of the wave s passing and the slope beingiluss than
belore, the discbarge must dimimisk  When the river 1s fallmg the rear of the wave 1
passing, nnd the slope, and henoe the discharge at any givenstage, wli have its minimum
valua for that oscilation
3. Charactenstics of Delta river —~The characterisues of a Delta river may thus
be summed ap — *
L—In high floods it riscs more or less abova 1t naturnl banks
10 —Its dochmty 1s a g 8s it ‘hes the sea or (if 1t be
only n tribautary) the point of 1fs Junchion with the mamn nver
IIL—The slope of the flood surface though 1t does not follow exactly that of the
bed yot sumlarly decreases
1V —1Its sectional area, 1n some 1nstanced, dimnishes at a certun distance from the
head of the Delta
'V ~Tis bed runa on a higher level than the country, at groater or less distancos, mn
8 direction perpendienlar to 1ta course
Hencoa Dolta niver, while particularly adapted for 1rngation, can never be used for
carrying off surface drainage, which must be disposed of by separate channels of its own
4 Conflguration of a Delta,—Having explaned the peeulinrities of the river 1will
now proceed to deseribe the configuration of a Deltaatsell (Plate XXIX Fig 2) Tothe
eye of a casual observer 1t Presents one uniform dead Jevel, bub it is by no means so 1n
reality,, on the contrary, it 1s broken up into distinct gentle nndulations whose dicection
w 11 generally ba found to follow the course whiel the spill of the foods has takea
The Delta thus cousists of a serics vf ridges and hollows of greater or less midth a
spart, ordinarly lymg 1 a directson more or less obliqus to that of the nveratself  fn
some Instances mdges are met with which have evideatly heen beaches left by the reced
mg ocesn, there direction being mota or lesy parallel with the coastlme  This configar
ation 1 Deltas greatly for, as will atonco be Eeen, if the
irngating chaonel be carmed along the ridges twater ean beled from 1t on exther mdo
until 1t reaches the hellows, which then can bo mads to sezve the purposa of draing and
carry off the surplus water to any convenient lower Jevelor to the sea itself
5 Four main operations conneoted with a Delta project.—There are four main
operations covnected with a Delta project, viz —

T—Protection from jnundaticn
1 —Tensgation
1T —Dranage
1V —Nawigation
6 Protection from Inundation —The necessity of the fiest operstion will be
apparent from what has already been said as to the mnundating propecty of Delta nivers
An n genoral ralg 1t will be found expod: 1t not ab o restrict
the floods to tho courso of tho rivers by marginal embankments, for while they are very
fert hang to the lands bordering the river margin over which they flow sluggishly and
with no great depth, depomting a considorable amounnt of valuable altavium, yet, as they
flow on o tha lower lands, there volame snd velociby incrense and as they can osly pass
off very slowly, the low lands become submerged for long periods together without any
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compensating benefit from slluvial manure, and so auy cropa which may be standing
thercon are utterly destroyed, and the land rendered unfit for cultivation for the rest of
the season, The first thing to be done, then, in investigating a project, is fo ascertain
the extent to which the river and its various branches are subject to inundating foods
and, next, the practicability of regiraining them.

For this purpose all the statistical information available, relative to tho particular
river in guestion, must bo carefully examined; the periodicity, height, duration, and
number of fleods annually must be carefully noted. The maximum diecharge in ordinary,
high, and extraordinary floods, should bs observed at varjoys points along the river's
course, both above and below, as well as at the Delta head. The longitudinal slope of the
bed and flood surface, the sectional area, and the longitudinal as well as transverse decliv- .
ity of the country must be carefully taken. From theso the relative capacities of dis-
charge of all the branches of the rivor should be carefully calenlated and compared with
the total discharge in the undivided stream, and on their result must dopend the men-
sures to 'be taken a8 to the disposs) of excessive flonds. If these should show that the
regimen of the eeversl branches is generally uniform, then the process of embanking may
be safely pursued, bub if, on the other hand, it is found that the capacities of the varions
branobes have become deranged, that any one or more branches bave been soenlarged as
fo carry off more than the proper proportion of the floods, then it will be necessary, first,
to adopt measures fo restore the equilibrium of the various branches, and then to procced
cautiously and systematically with the processof marginal cmbankments. Cautiously,
for it must be borne in mind that whea the spill of a riverin the upper part of its course
isshab off and the volume thus arrested is thrown into the lower reaches, the surface level
will be considerably raised thore, and, unless precantions are tuken the adjacent country
will become dseply swamped, and much damage ensue,

Simultaneously with the construction of embankments the regimen of the river
must be strictly maintained, and its course regulated by protecting its banks, wherever
nocessary, from violent sets and eddies. In Northorn India thesoil of both bed and
banks is very frisble and, consequently, when a river begins to erode, the process of
destruction goes on very rapidly, and as much as & mile of the natural bank will be eaten

away ina very few days
In Southern India the banks consisb of stronger clay, thereiore
slower, but yet, in certain points the banks, even there, crumble away vory quickly, In
the Delta of Tanjote the river banks are systematically protected by groynes composed of
palmyra troes and matting, stone baing so distsnt that it wonld be too exponsive to w?a
it. On the Kistna, Godavery, and Mahanaddy, stone is cheaper and, therefors, is
largely used for such work, .
The dimensions of river embankments depend, of course, on the quality of the scil
available for their construction. In height, that is, when consolidated, they are usually
made thres feet above the highest known flood. Qrdinary earth when loogely thrown up
and unstamped ususlly sinks two inches in a foot, allowance must therefors be made to
meet this sinkage when putting up the profile for any new embankment, The slopes, also,
must depend on the quality of theclay, The river slope is generally made at tw? to one
and the land slope at one-and-a hal to one, but in light sails it %s x'xecessary to increase
thase proportions. Where turf can be had at a reasonsble rate it is good ecomomy to

e of it ovor the slope, as the banks are then protected from guttering. The
usually serves the

erosion is

lay a lay .
width of ctest depends on the height of the bank, but as the river bank

puzpese of a foobway for passengers and pavk cattlo, the crest is made.8 or 9 feot wide,
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If there happens to be no artificsal irngating chanpel ruoning parailed to tbe embank
ment, then 1t 15 necessary to buld sluces at mtervals to adimit the flocds on to those
lands which belore banefited by the sliuvium carmed by tha spill, It will sometimes
be found desirably to plant the viver face of embankrients with Jong grass or with the
palm or any other tres whoss roots tend to tind the soil firmiy togefher In suck
localitics ag are exposed to the action of waves, rased by tha prevaling wind a protoction
ot some kund will be fonnd netessary, buk ik oecasionally bappens that » heavy ptorm or
cyclona oceurs whon the river 18 in tull fiood, 2nd then the bans slopes on the lee mde
of the niver must suffer from the lash of vory heavy waves, agaast whioh it 13 scarcely
bla ta provido any at any cost

7 Irngatiom—As before observed, the pecullar configuration of a Delta renders
the dehvery of water from the mver sn easy matter From the fact of Declta rivers
running on abigh level, their beds will be found to boon a level with the adjacent
country, at no great distause, 1 & direction ot right angles to ikewr course Honce,
with the exception of 5 small triangular shp near the Lead of the Delts the whols tract
{s commanded by the river, land 1.8 water cam, therefors, bo conveyed to any part
of 1t

As duning the low state of the river thero 18 bt a small depth of water and the
banks at tho Delts head are hagh, 1t would necessitato both dop catbing and a vory
wida ckannal to convey the quantily of water required Henas it 15 more econonuecal
a8 woll as mndispensable for nuvigation purposes to comstrusk a weir across the nver
for the purpose of raising the water 8o 2s to securs tho reqmmte depth for nawiga.
tiop, and at the s2me time diminwh the sechionsl ares of the cutbing If tho river
at the dam mte be quite elear of 151ands, as m the Bone, then thewar 1z bwlt 1 ons

length, s ted 10 longths with the flanks abutting on
the several 1slands  For imstance the wer on the Sone 18 2} miles of clear umbro-
ken masonry QOu the other haud, that on ths Godavery, though sggregating the
same length, consists of four distinet portions

Casals arotaken off each flank, ths main line runmng fo that pomt, more or lesa
distant, where it 15 eouvenient to theow off the prinaipal branches From these branches
agan the munor channals bifurcate, and they, i their turn, throw off the eoveral
distributaries from which the field water conrses are supplind

Ths arrangemont genorally practicable in a Delta 13 firab to ran from either
baok & mmn canal a9 straight as poseible to the pomnt whers ths surface of the
water will quickest reach the ground, from that point » bramch 1s first thrown off
towards the nver bank and carried paraliel with 1t 1f not to the nvers wmouth, at
1l events, 10 Deltns sitoated on the cait, to as far as the hmt of tidal water with
which a navigibla conneatlon should always be made One or more bramohes are
next led off from the same pomnt according as there may be hugh ridges of lind of
sufficient extent or importance to command, whils the mma lme itgelf 13 carnied om,
skirting the edga of the Delta watil it also terminates in tide water or in the nver
with which the Delta may be connected

In laymgeout canals 1o a Delta much the same procedurs has to be adopted as
has been mention-d 1a the proceding Chapters for cansls gencrally There 13, however,
thig difference, that the length of main line which has to carry the volume of water
requited by the land commanded by it s mnch less ag the surface of the country 13
voached morze quickly
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compenzating benefit from aluvial manure, snd so any crops which mny be standing
theroon are utterly destroyed, snd the land renderod unfit for cultivation for the rest of
the season, The first thing to be done, theo, in investigating a projoct, i3 to ascertain
thfz extent to which the river and its varions branches ara subject to inundating floods
nnd, next, the practicability of restraining them.

- Fc}x this pu‘rpow all the statistical information available, relative to tho particular
rivor in guestion, must be carofully examined; thoe periedicity, height, duration, snd
number of floods annually must bo carofully noted. The maximum diecharge in ordinary,
high, and oxtraordionry floods, should ba observed nt variogs points along the rivar's
course, both above and below, as well ag «t the Delta head. The longitudinal slope of the
bed and flood surface, the scotional avea, and the longitudinal as well ag transverse deeliv- .
ity of the country musb be carofully taken, From thesa the relative capacities of dis.
charge of all the branches of tho river should bo carefally calculatsd and compared with
the total dischargo i the undivided streans, and on their result must dopend the mea.
sures to ‘be taken asz fo tho disposal of exceesive floods. If these should show that the
regimen of tho £ovoral branches is gonerally nniform, then the procoss of embanking may
be safely pursucd, but if, on tho other hand, it is found that the capacitics of the varions
branobes hove become doranged, that any ane or more branches ave boen foenlarged as
to carry off more than the proper proportion of the floods, then it will ba necessary, first,
to adopt measures to rastoro the cquilibrium of the various branches, and then to proceed
cautiously and rystematically with the process of marginal embankments. Qautiously,
for it must boborno in mind that whea the spill of a riverin the upper part of its course
isshut off and the volume thus arrestod is throwa into the lower reaches, the surface level
will be considerably raised thore, and, unless precautions are tuken the adjacent country
will beeome deoply swamped, and much damago cnsae,

Simultancously with the eonstruction of ombankments the regimen of the river
must be strictly majntained, and its course regulated by prolecting its banks, wberever
necessary, from violent gets and eddies. In Northorn India the soil of both bed and
banks is vory friable and, consequently, when a river begins to erode, the process of
destruotion goos on very rapidly, and es much o5 a mile of the natural bank will be eaten

away ina very few days

In Southern Indin the banks conmsist of stronger clay, therelora erosion is
slower, but yet, in corbain points the banks, even there, crumble away vory quickly, In
the Delta of Tanjote the river banks are systomatically protected by groynes composed of
pelmyra treos and matting, stone being sa distant that it would be too expeusive to uzo
it. On the Kiston, Godavery, and Mabanaddy, stone js cheaper and, therefors, 1s
largoly used for such work,

The dimensions of river embankments depend, of courss, on the quality of the soil
svailable for their construction. In height, that i, when consolidated, they are usually
mada thres fect above the highest known flood. Ordinary earth when loosely thrown up
and unstampod usually sinks two inches in a foot, allewance must therefore be made to
meet this sinkage when putting up the profile for any new embankment. The slopes, also,
must depend on the quality of theolay, The rives slope is generally made at tw.o to one
snd the land slops nt one-and-a half to ane, bat in light soils it is necessary to increase
these proportions. Whers turf can be bad st o reagsonakble rate it is good economy to

or the slope, as the banks are then protected from guttering. The

layor of it ow
witthot Xk usually serves the

width of crest depends oo the height of the bank, but as the river bazn !
purposo of a foaksvay for passengers and pack cattlo, tho crest is made.8 or g feet wide,
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orma channale have baca formed by throwing np 08 baxfk only on the
Jower tide of  slopo , aud the heads of some river channels, by soparatieg pat of the Bgld
of the main stresm by means of an arificial bank, protected by rfver grasses, eto I
some cases, theso artificl banks ate carned for very cousidarable distagces up thoe rivers,
ax akliguely actoss thew sandy beds Such banks, tormad corumboo, are generally ovaee
topped and carried away by all freshets of more than 3} yards depth of water They are
temporncy espedienta o substibutes for permanent damaor gmieuts, to tern tho early and
low freahets of nvers nto srnigabing of tank channels, snd berng Liskla to be pattially, sad
sometimes entirely, destroyed by every tall feosh, require to be repeatedly repaited and
ocoamonally reconstructed duning evety seAson, They ars usually constracted and kept
1 repmir by the proprietors of the lands which they wnghte, without any cost to
Goverpment.

11 The Currency Works —~Theso aze the upper and lower anlexts sores the

Gueat porbions of o

Coleroon, built at the t and under the sup 3 of the late Msjor-
Gepers) Sut Arthur Cotton, of he Madras Fngineers  Both thess works have superseded
and rendered the tion of extensive mboos; while, nolike

corumboos, they resist Yhe a.tion of frevheds, and assist thy frngation ia Ml states of the
nver The uppor aaseut 13 buidt whore the Agunds (ot whele) Caavery dividesinto
two branches. the Coleroon, which secks the eea, by a straight course, lalhing ab the
rate from 2 to 8 feet pet milo, the amaller but mors uscful branch (which retains the
name of Cauveryj flowing on a mora levated bed, and, altesr baving 1a the shord distages®
of 40 rmles, gained po less bhan 15 feet on tha luvel of the bed of the main braged,
dividsng and sab-dividiog nntil 1ty watoe 13 spread ovee tho greater pard of the Tanjoro
district  For many yeam previous to 1836 the Tanjore cultivation had pressad so
closely upon the supply of water afforded by tho Caavery, that s seswons falling atall
below the average, extensive (racts of valaable land erther remuned unonltirated, or
were wubject to the still greater evil of betng oultivated in vain The defogt was
chiefly atinbuted to the accumulation of sand in the upper part of tho stream pazr
s separation from the Coleroon and Lo remove which, various expedicnss wors doviacd
and adopted With partial but ouly temporary snacese,

At thus conjuncture, vir, 1 1834, the late Major General Sge Arthur Cotton, then
Oved Engmeer of the Division, deyrsed the anwat which 11 bulls scrosy the Golezoon,
sbout 100 yards below the separation of the two rivers, and by ralsing the bed of zhs'
Coleroon abont § feet, has, withonk dumnishng ezoapt 1m & tnfing degroo, the capacity
of 1te section for the passageof high freshets, rendired availsble for the supply of the
Cuuvery aud of Tenjore, all tha water whick, sren In the drest 902301, and when moest
wanted for ingation, used o pass wasts to the sen The lower cmicus was bulit ia
¥be same year, sbagt 70 mues down the sazs rivor, and secvod fo turn the water that
sccomglates in the intervening part of the rise bed from tho dralnags of calhiration
04 the springs that cosa from the snd sty ths country on both ades, irrigath
extenuve nd fortals bracts of 1and in the T s

e and bl b anjoro and South Arcot dusteicts, batwoen
InnioaTion Tanks,
12. Tanks, The followin,
Roorkee Treatise on Cini] Eng:
ant eystem of rngation —

g extracts from the Third Edition of the
neoring, give o genernl ides of this 1mpozt-

4
Tank for wrgation is formed by an embankment thrown 10 3 kna of



()
208 CHAPTER 1Y,

Drainaga, 0 an to gollect tho water on the uppor side, which v then drarwn off for Trei-
gntion purposea by raecans of sluices aud channels,

Tanks are of sn:wera} kinds: L::t. Whera a 1duni’ or woir is thrown across the
gorgo of 2 mountain pass which is tho bod of & torrent, thus forming » lako enclosed by
the rocky sides of the pass.

. 2nd. Whero a natuss! hollow in tho gronnd outsido the hills is made into an arii.
ficial Inke by olosing up nl} places where tho watar can mako jts exit ; auch a hollow may
bo & very small, or may bo & largo natural basin, drained by a stroam or nels; and the
supply for such taunks may depend entiroly on local rain, or on streams swollen by rain
in tho hills above. There may be a series of such tanks in tho same chain or valley or
as is often the cass, n tank may bLe Glled by a cut froma nsighbouring stream, not
running through it.

8rd. Whoro artificial side walls are required 88 well as the front wall, to enoloss the
wator —in consequence ol thers being no natural hollow, but merely & continuous glope
of the ground in ove divection.

It is evident, however, that those three kinda are mercly modifications of eack
other, deponding on similar prineiples for their construction, and that thay may bhe
troated of colloctively,

13, Site of Bund.~In desiguing a tank, when the sourco of supply has onco been
asperteined, the ficst point to bo determined is tho position of the bund by which the tauk
will be formed. Other things being equal, it is evident that the narrbwest part of the gorge
or hollow should bo chosen so that the length of the embankment may bo as short as pos.
gible - and in most cases this will ba found to be the bost site. But it is also to be Juoked to
thunt this bund shall hoid up the greatest quantity of water possible, and this may in some
eases modify the sotusl site of the embankment. It is evidens that the amount of water
so bold up will depend on tho area covered by tho wader and its depth. This depth
apain will depond on the height of the smbankment 2pd the slope of the bed of tho tankem
for the water con nowhero riso higher than the lowest pact of the fop of the embankment
(unatural or artificial) which dams it up, but will then, if the supply be continuous, es-
capo at that point. Sometimes, thorefare, it will be found that a dund st some other
spot than the narrowest, may give a larger area or greafor depth above 5o as 1o hold
up such sn sdditions] quantity of water as will amply repay the cost qi the incrensed

longth of the bund.

Olher points to be taken into consideration in selecting a site for an embankment
are, the rolative Jevel sud position of Jand to bo irrigated, the qualify of aoil for founda.
tions, and the proximity of stono and lime, fuel and water, {or the supply of the works
when in progress.

Briefly, tho indications most favourable to the construction of a fank embankment
may bo thus enumerstedi~—1s?, & channel bringing down an ample supply of water;
ond, For tho bed of the taslk, o broad expanse of noarly level land in front of the em.
bankment, having a slight dip towards tho latter; Sid, That the land to the rear bo of
greater extont than the bed, and slightly lowee in its level, in order that every portion
of it may bo irrigated through masovry eluices constructed in the embankment, and
communicating with earthen chanuels leading to the field; 4tk A rock foundation at
little depth from the surfaee; &k, That daring the dry season water be proourable
from the bed of the water-course, or {rom & well, for the use of tho work and worif-people;
Gk, That stoue, lime, and fuel be \within reasonable distance; 74, That the soil cf the

tank area is of & retentive nature,
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1t will rsrely hmppen that ell these adsantages aro offered at one locality. The mam
object of the tapk, it 1s to be recollected, 13 the Imgation of the land belowit A careful
survey of the proposed site shouid be made, 1ncluding the levels of the intended dam, and
of the land to 1ts front and rear. The elevatron of the embankment, and tho area of the
bed 10 bo submerged, may then be adjusted and determuncd, and sn opiwion as to the
mngation powers of the tank, 1o sefercuos to it depth and expense may be formod, The
expensc of the work 13 then to becontrasted with the probabls return from the irnga.
tien of the 1and sommanded, {rom the growth of luxuriant crops wn the bed sfter the
withdrawal of the water, and from the- more indiccct benefit arising from the multiphea.
tion of wells supplied by fltration from the tank

Trrigation by tanks s often combined with that by nvers, the water from the nvera
being Brought mto tanks that are favouralily situated, by means of channels cut through
the niver bsnk and interveniog ground

14, Waste weir —It next becomes necessary to determmo 1n what way the surplus
water that may be thrown into the tank shall escaye If there 18 perfect control over
the stream by which the tank 15 fed, the water may be turned off when the latteris ful,
by means of & slmico at the head Thus, however, will not often be practicable, apd
any case, an escape must be provided from the tank itself for the surplus water, Thys
may be allowed an exit 1n two ways, exther over the whole or a part of the dam 1tself,
orby asida chanuel (asat C Plafe XXX), arranged so that the surplus water shall flow
down 1t a8 800n as 1t comes neatly on alevel with the top of the embankment If sucha
cbanne! can be provided at a moderats expense, 1t 19 always the preferable method as
there is then no dangee to the dam from the shock of water falling over 1t—nor of silt
or boulders accumulating in the {ank, nor of the rrigation chanpels and shirces being
injared

But 10 many cases, especially where the tank 1s formed nslde the hulls, the oxpense
of eutting suck o mda channel wousld be too great, and the only passage for the side water
muost be by the dam 1tself  To effect thus, flood gates must either be prowided, or the
water must pies qver the whole or part of the dam  In pecuhiar eases, the former method
1wy be allowed, but a3 a generalrule, the latier method 18 preferable, as being self acting
Tt the dam 18 of no greet length, and can bo mada of solid Mmascrry throughout, then the
whola of 1t can be arrsnged as an overfall 1f 50 large an escape 18 not required, and the
embankment is of oarth for the greater portion of ite length then a portion of the dam
must be built of masonry, (the top bemng 3 to & foet¥ Jower than that of the earthen em.
bankment), and wil} setve as an overfall or wasto weir

15, Form and Material of Dam The thickness of the embankment must
of courss depend on the nature of the material as well a8 on its height snd the violence of
the sbream that has tobe srrested In damming up s small hull torrent, boulders will
generally ba found 1n sufficient quantity to yreld abundance of lime and sione, and if
fuel 1y cheap and water ab hand, 1t may be possible to make the whole dam of boulder
mamonry, 1fnet, then the postion forrung the overfall must at any rate he s construct.
ed, and the remainder may be made of dry bonlders with 8 long elope on each mde, and
a masonty wall 1n the centre to prevent leaksge The thickuess should of courss decrease
from tho bottom to the top, and that portion over which the water 13ta pass, especially
1f 1815 to be of any great height, should be rased, little by little, 1n snccessive seasons,
the water being allowed to flow over 1t fracly 1t will thus have timo to consolidate and
sts strength bo satisfactorily tested, The loundations should be earred down torock af

®Where wavgachion 18 Likely the top of dam may bave to be a considerable beight
aboYs maximum waler level.



6‘) n
208 CHAPTER IX.

Dmf’lnge, #0 an to colleck tho water on the uppor side, which is then drawn off for Treie
gation purposes by menns of sluices and chnnnels,

Tanks are of So}reml kmcls: 1f‘t. Whero a ¢bund' or wair is thrown ncross the
gorgo of o mountain pass which is tho bad of a torrent, thus forming a Iako enclosed b
the rooky sides of tho pass. TRy
Dt ok by e up 4 pacn e o wnfor e e ey 110 00 o

i : ko its exit ; such a hollow may
be a very small, or may bo  large natural basin, draicoed by a stresm or mala; and the
supply for such tanks may depend entirely on local rain, or on streams swollen by rain
in tho hills above, Thero may bo a series of such tanks in the sama chain or vallzy ‘Ot
as is often the ?asu, a tagk may be fillod by a cut from s neighbouring stream, not
running through it

8rd. Whore artilicial side walls arc required o3 woll as the front wall, to encloas the
wator —in conscquence of thera being no natural hollow, but mercly s continuons slope
of tho ground in ovo dircetion.

It is evident, however, that those three kinds are meroly modificitions of cach
other, deponding on similar principles for their construction, and that thay may be
troated of colloctively.

13. 8ite of Bund.—In designing a tnak, when the source of supply has onoo been
asgertained, the fizet point to bo dotermined is tho position of the bund by which the tank
will bo formed. Other things being equal, it is evident that the narrdwest part of the gorge
or Lollow should be chosen <o that the length of the embankment mny bo gs short as pos.
sible -nnd in most cages thiswill be found to be the bast site. But it is nlso to be luoked to
that this bund shall hold up the groatest quantity of water possible, and this may in some
cases modify the actunl sito of the embankmeut, It is ovidont thot the amonnt of water
so hold up will depend on the aroa covered by thoe water and its depth. This depth
ngein will depond on the height of the embankment and the slope of tho bed of tho tank—
for the water can nowhere riso higher thun the lowest part of the top of the cmbankiment
(natural or artificial) which darms it up, but will then, if the supply be continuous, es.
cape ot that point. Sometimes, thorefors, it will be found that a bund at some other
gpot than the narzewest, may give o larger ares or greater depth above soas to hold
up such 2n additionsl quantity of water as will amply repay tho cost of the incrensed
longth of tha dund,

Other points to be taken into consideration in selecting 2 site for an embankment
nre, the relative lovel aud position of land to be irrigated, the quality of soil for founda-
tions, and the proximity of stone and lime, fucl and water, for the supply of the works

when in progress.

Bricfly, the indications most favourable to the eonstruction of a tank embankment
may be thus enumerated i—1sf, A chanuel bringing down an ample supply of water;
9nd, For tho bed of the taul, » broad expanso of nearly level land in front of the em-
bankment, baving a slight dip tewards tho Jatter; 8rd, That the land to the rear bo of
geeator extont than the bed, and slightly lower in its level, in order that every portion
of it may be irrigated through masonry sluices constructed in the embankmont, and
communicating with earthen channels leading to the field; 4tkh, A rock foundation at
little depth from the surfnce; 5:, That daring the dry senson water be procurable
from the bod of the water-course, ot Irom a well, for the use of the work and work-people ;
6k, That stone, lime, and fuel be witkin reaconable distance; 7ék, That the soil of the

tank area is of & retentive nsture.
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1t will rarely Lappen that 1) thess advantages arc cffercd at one locality, The man
object of the tank, 1t 13 to be recollected, 13 the irmgation of the land belowat A caveful
survey of tha proposed site should be made, 1ncluding the levels of the intended dam, and
of the 1and to its front and rear, The elevation of the embaukment, and the area of the
bed to be submerged, may tben be adjusted nnd determined, and an opinion B to the
nrigation powers of the tank, 1o reference to 1ts depth and expense may be formed. The
expense of the work 1s thes to bocontrasted with the probablo return from the irnga-
ticn of the 1and commanded, from the growth of Iuxuriant crops 1n the bed after the
withdrawal of the water, and from the more indicect benefit anaing from the multiphcas
tion of wells supplied by iltration from the tank

Trnigation by tanks 1s often combined with that by nivers, the water from the nvers
bewng brought into tanks that are favourably situated, by means of channels cut through
the niver bank and intervening ground

14. Waste welr —It next becomes necessary to determaine in what way the surplus
watee that may be thrown into the tank shall escate If there 18 perfect control over
the stream by which tho tank 1s fed, the water may be turnod off when the latter s fult,
by means of a sluice at the head This, however, will not often be practicable, and
any ease, an escape must be provided trom the tank itself for the surplas water, This
may be allowed an exnt in two ways, erther over the whels or a part of the dam atselt,
or by asids channel {asat C Plale XXX), arranged so that the surplus water shall flow
down 1t a8 s00n as 1t comes nearly on alevel with the top of the embsnkment If sucha
obangol can ba provided at a moderats expense, 1t 13 alnays the preferable method as
thers 13 then no danger to the dam from the shock of water falling over it—nor of silt
or boulders accumulating i the fank, nor of the rrigation channels and sluices being
jared

But 1n many cases, expecially whero the tank 13 formed inside the balls, tho oxpense
of cutting such a mde channel nould be too great, and the anly passage for the side water
must bs by the dam nself  To eftect this, fleod gates must erther be prowided, or the
water must pass gver the whalo or part of the dam  In peculiar cases, the former method
may be allowed, but a3 a general ruls, the lattor method 18 preferable, as beng s2lf-acting
If the dam 18 of no great Jength, and can be made of gohd masenry throughout, then the
whole of 1t 0an be arrangsd as an overfall If so large an escaps 33 not reqmired, and the
embankment {g of earth for the greater portion of its length, then a portion of the dam
must be built of masonry, {tho top being 3 to 5 foxt® lower than that of the earthen em-
bankment), aud wall serve a8 ao overfallor naste werr.

15. Porm and Material of Dam The thickness of the embackment muat
of course depend on the nature of the materal, as well us on jta height snd the violence of
the stream that has tabe arrested Jn damming up s emall kill torrent, bonulders will
generally ba found 1n sufficient quantity to yield abundance of hme &nd stone, and f
fuel is cheap and water at hand, 1t may bo possible to make the whole dem of bonlder
masoney, 1 not, then the portion forming the overfall must at any rate be so constract.
ed, and the remainder may be mads of dry boulders with a Jong slope on each side, 2nd
2 masonry wall in the centre to prevest Jeakage The thickoess shonld of course decreass
from the bottom to tha top, and that portin over which the water i3to pass, especially
31 16 13 ta be of any great beight, should be raised, Little by bttle, 1n euccessive seasons
the water betng allowed to fow over 3t freely I wll thus bave tims to consolidate :ndl
its strengih be satislactorily fested. TLe foundations sheuld be carred down to rock 14

* Where waseaction 1s luiely the top of dam may have to be a considers ble herght
above manimum water level,
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possible~mor at deast to fir i
m soil, TI{ thigi
A Ahis 18 not found at a moderst
b conoro:te or rubble masohry must be formed r_phr“ e dopth, an arfificial
into the sido rocks to prevent thejr being‘tutned‘ " FpeEttactre should

Whero the supplyiz‘xg water is less vi i

s e £1 88 g olent, and in the ease of ¢ . .
” sc:; coc’:ng;t;o; ::;s s;:{]:j:fy of lworkmzmship are of ecourse not requz:']:: 3:::;:: th{a hll{s'
o seneer cmp}gyed - ing ; together,—so that earth or brickwork will hav ": ‘;Jo o
scrinl e pmtec{e o e az:;;t en ?mbankmont must of coursa be made very m:s; o
el i adm:; ¢ action of t-he witer by a layer of masonty, dry stl: .
o 3 geous.  If not, it showld bo well turfed or defended with ngi:t
and vatilin I-;; e rsci no part of the earthen embankment can be used as an ovf fang
sl thete fs o s parate escape for the surplus water, a portion of the emb kt ’
'of masonry fo ach as an overfall, No earthan dz ':m oo
when the structure is of very great heights, exceeding say 70 feet e el waen

16. Earthen Dams.—The ordinary mode o j i
works of this class, may be explained geier:lly il’f ::f;t::\:h‘zgr;dop:;i; 2 England for
;r?mﬁ() tlo 30 ieatat the top, the dam slopes towards the waber n‘rith z:u i‘;c?if:f‘,i:; 0§
cob in length to 1 of beight, and in the opposite direpti i ineli N
feetto* 1. Along the middle of the g:m and c:::;:t; ‘?znﬂza?c?tm;bnldd N
though as it often isnot) to a firm impermeable bed, is s wall of clay teohni : ]; ) Ibe’
puddle. This wall is usually about 10 or 12 feet wide at the top, and t}iicaky 6‘3 16"11;
descends at the rate of abont 2 or 3 inches for every foal of vertical ’distnnce 000 nse;;; : p
side of the puddle is placed what ig lermed ¢ solected material,’ that is, gener;\lly E!f,he be:::
that can be got at the spol. The zest of the dam is formed of almost apy kind o; sujtable
enrth, Inorder to break the forcoof the waves, and to prevent them Ifrom washing
away the earth nndcrxzeath, the slope towards the water is usually covered with a layer o';
stones, or pifched, as it is termed. The outer slope is turfed or pitched, according to the

judgment of the Eungineer,

1t is the puddle wall which should form {be barrier to the escape of the water, and
it s this part of thc embankment to which the Engincer trusts more than to any other
for the safety of his works, Phe greatost care ghould be taken both in the selection of
the clay, and in the manner of putting it in the embankment. It should be thrown

down in thin concave layers, as ghould also the rest of the dam, and should be with the ,

rest well watered, and rammed and beaten, and frodden down so that the whole

mass may be rendered as homogeneous as possible.
hat the ground composing the bed of the

Great pains should be taken to ssoerfain ¢
thout the enormous expenge of puddling

proposed reservoir is such ag will hold water wi
the whole or partof the bed
Thetc are very many cases where, owing to the formation of the ground, the
presence of particolar stratain the formation will render the consbruction of the works
dangerous, if not useless. The danger consistg in this, that the water may find its way
underneath the puddle trench and weaken the backing of the puddle, or the
puddle itseld, whilst leakage through hard rooky slrata, although not of much importance
at ordinary times. might yet ho such as would cause 8 want of water in severe dronghts,
when water is most cquired. In order fo meet this difficulty, it has heen necessary in
00 feet below thebottom of tho dam and

gsome cases tosink trenches toa depth of 80 or I
ﬁli them with concrete, and thus intercept the Jeaksge through the greund.
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1010 the trial holes 1t should ba found that tho sirata are intersected by fissures,
or are dislocated or disturbed, 1t will exther be pecessary to ahandon thosite, or excavata
undernenth the dam a trench which willrsquize to bo filled wath clzy puddle or concrete,
and this watertight trench will have to bo cirnied to such a depth as will effectnally
intercept euch sources of leakage, and should be taken rght through the disturbed
ground into tho sohd bezeath, and bo also extended for & suffictent length into the
natural ground at the ends’of the dam If the ponddle treach 15 3 rock, which 1s
ratersected with fissures 1t 1s well o Line tha back of the trench with 1 foot 6 nches or
2 feet of cement conerele, soas to prevent the percolation of water reaching tha back of
the puddle trench and weakeming 1t (Flate X1 XI)

17 Masonry Dams —In France and Spain, the countries in which we find 20 many
large resorvoirs, the peoplo put no faith in puddis and earth, except for dams of moderate
beight They trust to masonry and cevtainly they have mo resson to complain of
nuisplaced econfidence

Bomeof the dams in the latter country have stood for hundreds of years, are in
use to day, and although constructed ata period when science was but emerging into
light, and when therefore, no great knowledge cf the theory of the subjct could be
expected, yet from their having been built of masonry, still znswer all the purposes of
the anginal designers

The Spanish dams are of huge proportions, and having been builé according to no
generally accepted rules, there 15 very httle sumilatity between even any two of them
1t would, therelore, baimposuible to give any desenption of them which should apply
toall

Rudo though as these works ssem to us by the Lght of modern science, it a
great point that thoy still exigt, and stall fulfil the;r objeet Inother words, they have
been successful in spite of the errors mado 1o construching bhem Tt is not likely that
these errors will be repeated

The construction of mascury damsis a large and important subject 1n 1tsel and
beyond the scope of this Manual Those particularly 1nterested should consult the many
special treatises published on this class of enginecrting

18 Slmces of Irngation —Each tank s provided with from one to two, and some
times thros, slnces, by which the water can he let out to the Selds at pleasure Thewr
position 1s generally on a Jevel with that of the bed of the tank, but if any portion of the
lands to be iergated bo above that level, one or more of the slayees 1s placed at a corres
pondlng height

Until lately 1t was a commen practice to lay the outletor supply pipe through or under
the exobankment, and, in some cases, even without preparing a special foundation for 1t
The great loss of Lfe and destruction of property caused by the bursting of reservoirs has,
however, eflectually put a stop o this systom, and arrangements are now generally made
by which the outlet works are altogethar disconnected from the dams We have In fact
learnt by disaster. what common sense should have taught us from the first Tha dam
being natarally the weakest part of the reservorr, should ba that which we could least
afford to endanger by works Liable 1n the course of nature fo geb out of order Tha
practice pow cbtains of carrying the outlet pipe through some one of the hills standmg on
the margin of the tank,

19 Madras Tanks - The banks of the majanty of tanksn Madras seldom exceed
15 feet in height Some of them are, however, 40 or 50 fest high and even more,
many of them are formed of earth only, 1n*a few instances carefully tarled , while the

-
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larger works, and in places where stone is abundant, many of the smaller banks also, are
protected by loose blocks of rough stone laid on the.inner sloping surface, or disposed in
tho form of a mearly.upright revetment, without mortar or cement. The object of these
rough stone facings is not so much to support the éarth.work, as to protect it from the
action of the waves during stormy weather, and from damage by the monsoon rains

Muny tanks are olten formed in the same valley, the bed of one beginning where the
cultivation under that above it ceases, In consequence of this, the breaching of one tank
often leads, by the sudden influx of its waters, to the bursting in succession of those below
it. This is more particularly the case when heavy and sudden rains succeed seasons of
drought, during which the earth of which tho tank banks are composed loses its tenacity,
and is soon saturated by water. Another, and the general causo of the breaching of tanks,
is the neglected stato of their banks, which are not in all parts sufficiently raised above
the surface of the water in them. High winds exciting waves in the tank , throw the
spray over the lowest parts of the banks, which are thus gradually worn away, until at
last the water overtops them, and a breach ensues.

There are also large numbers of valuable jrrigating tanks in Mysore, Ajmere, Mhair-
wara, and other parts of India.

20. Dimensions of Tanks,—In designing a system of tank irrigation
it is of importance to make the depth and capacity of the tank sufficient
to make the nef storage really useful for irrigation. The losses from
percolation can often be usefully recovered by irrigating from wells in the
vicinity, and this in itself will, in many cases, richly compensate for the
expense of the construction of a tank; butit must be borme in mind
that the evaporation from a shallow tank may become a very serious item
of loss, and indeed in extreme cases, deprive the work of any real useful
effect. A small deep tank will, therefore, probably give a larger net dis-
charge than a larger but shallow work and be more really useful, except
in so far as the advantage which may be gained by cultivating the bed of
the shallow tank after the surface water bas been removed. In general,
tanks with depths less than 10 feet cannot be considered permanent
sources of irrigation.

21. Chains of Tanks,—The chain system of tanks, common in My-
sore, consisting of a series of tanks laid out one below the other along the
course of the valley of a stream, forms a very valuable style of storage,
but is subject to great danger when the works for the rapid and complete
removal of the surplus supplies or insufficient or weak. It is evident
that the breach of avy one tank in the series will almost certainly in-
volve the destruction of all the others below it, and it is, thereforfa,neces-
sary to design the waste weirs of a chain system of capacity sufficient for
even the most violent floods.

99, Capacity of Tanks.— Anirrigation tank to be a thoroughly sound
and economical work, should hold just the volume requir.ed (after dedExc-
tion of losses) to irrigate the area commanded for irrigation, In practice
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however, the capacity 1s generally determmed by the height of bank
economueslly possible, or by the supply of water available, and both of
these dimensions will vary with every locality

The calculations of discharge off catchment areas requlre spgeial care
1n the case of tanks both for and the eng1
neering dimenstons of the works depead on the max\mum and the useful
wrngating effect on the average, volume

The most reliable formula i use 10 each locahily should be employed
for caleulation  In Madras the formula used 13 Q--C M3, where Q=
maximum volume 10 cusecs, M = drainage arev 1n square miles, and G 1s
a co-efhcient depending on the nature of the country, and varying from
200 to 800 for sandy level country to 700 for hill tracts When a
portion of the catchment area of a tank 15 occupied by other tanks, this
formula 15 modified on the assumption that these other tanks are
regulating or modifying the discharge *

In this case Q=CM|"'£—m§

Here M=the whole drainage area and m the portion of 1t ocoupied by
another tank or tanks

23 Extension of Tank system —The extension of the tank system
of storage for India 18 a most important agrieultural question, and one
which will repay the most careful 1nvestigation In Egypt the loss which
would otherwise result from low Niles 13 compensated for by a system of
storage 10 a most satisfactory manner, and there 1s reason to behieve
that sumilar protective works might also be carried out 1n India

¥l Dey dson,
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Fig. 41,
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1 PLATE X

Fig 56

GH QF CANAL HEAD WITH RIVER LOCK AND
UNDER-SLUICES SHOWING GROYNES
'
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Downatream groyne
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Lylus bars in dotted lines

Sloping outfall

0,000 cubic fect passing the crest, velocity was found to be 933 and the

t the Okhta Welr nesr Delhi wh ob haa » sloping outfall, with » food
veloc ty 18 feet, per second
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